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SUMMARY
The' study is concerned with, the development of motor 
skills in young children and the associated difficulties of 
children suffering from an impairment of motor function.
The Stott test of motor impairment is analysed in conjunction 
with other tests m  order that its validity may be assessed. \|
The development of motor skills in young children is
traced and the problems of brain damage discussed in relation 
to the aetiology of motor impairment and its effect on motor 
skills. The motor ability of impaired children is discussed 
with particular reference to disturbances in perception and 
visual-motor function, and, the behavioural characteristics 
of distractibility, disinhibition and perseveration.
The development of tests of motor impairment from the
work of Oseretzky to the Stott test is traced, and the need
for a reliable test of motor impairment in children is 
highlighted. The confusion that exists in the field at the 
present time is discussed, and the problems of meaningful 
diagnosis outlined.
The Stott test of motor impairment and a battery of 
nine tests sampling areas of brain damage, personality, 
perceptual abilities, body image and intelligence were 
administered to 65 ,normal! children - controls (me an 
age = 8.5 years; mean I.Q. =106), and 24 H.S.N. children 
(mean age = 8,6 years; mean I.Q. = 70') attending schools in 
Surrey. Measures of laterality, teacher assessment of 
impairment and class social structure were also taken.
Correlation’ matrices covering all test scores are produced 
and the results of the test battery discussed for each group. 
The correlation'matrices are subjected to a series of factor 
analyses ( principal components and varimax ) and the. 
relationships between variables discussed.
The structure of the Stott test is analysed with special 
reference to the placing of items in the postulated divisions 
of the test, and proposals for a shortened restructured ten 
item form for eight year old children is forwarded. Impairment 
or ’cut off’ scores are produced, based on the distributions 
of Z scores end regression weigxrcs of the variables 
representing tne major dimensions ox the analysis.
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INTRODUCTION
In its broadest sense the term motor impairment describes 
a condition which manifests itself in physical performances 
which are sub-normal, or in performances whose efficiency has 
been hampered in some way. The impairment is often associated 
with abnormalities in one or a combination of the following 
factors: level of maturation, muscular strength, spatial
ability, mental level, deprivation, temperamental factors, 
previous learning, cultural differences, structural differences,: 
stress or neural organisation; whatever the cause the result 
is usually clear enough, a discrepancy between intention and 
performance. This concept is recognised by Morris & Whiting 
(1971) when they state: -
“Motor impairment is seldom a unitary impairment.
It has implications for skill acquisition in the
social and intellectual field as well as the physical
field*1 .
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That the degree of damage and resultant impairment to a 
child need not be so gross as to be easily recognised is 
clearly stated by Knobloch and Passamanick (1961) in a paper 
on the Epidemiologic studies of the complications of pregnancy
and the birth process. They based their studies on the
hypothesis:-
“Since prematurity and complications of pregnancy are 
associated with foetal and neonatal death, usually on 
the basis of injury to the brain, there must remain a 
fraction so injured who do not die. Depending upon 
the degree and location of the damage, survivors may 
develop a series of disorders'*,
v
In their -conclusions they state: -
“We submit that the epidemiologic evidence arrived at 
from the studies described above is sufficiently strong 
to indicate that there e.xists a continuum of reproductiv 
insult at least partially socio-economically determined 
resulting in a continuum of reproductive casualty 
extending from death through varying degrees of 
neuropsychiatric disorders".
As a result of such organic impairment, defects of the 
motor system may in turn produce disturbances in any of the 
chain of events leading to the acquisition of a skill. From 
the possible defects reported, disturbances in the sensory 
input, perceptual processes, translatory mechanisms or 
cognitive processes, neu.ro motor innervation or the afferent 
feedback of information may affect performance,
The secondary effects of motor impairment must be of 
particular interest to teachers and psychologists . In the • 
overcrowded classroom there exists the possibility that the 
motor impaired child will be scolded for incompetence and 
frustrated by his own (and possibly the teacherf s ) lack of 
understanding of his plight. There is evidence that such 
frustration may drive the child into disturbed, often 
anti-social behaviour. Stott (1966 a) remarks on the high 
incidence of concomitant conditions, e.g.:- epilepsy and 
speech defect, which could be attributed to neural dysfunction; 
however, until, objective tests can be used it will not be 
possible to assess the extent to which behaviour disturbance 
is attributable to neural dysfunction. The problems of status 
within peer groups, (often attained through physical prowess) 
compounds the psychological problems outlined above.
Oliver and Keogh (1967) outline the major problems of 
diagnosing performance difficulties, supporting the need for 
a test capable of such discrimination. At present no such 
reliable test exists. There seems to be little doubt that a 
valid test of motor impairment would add to our knowledge of 
a comparatively neglected form of human variation, increase 
understanding of the the problems facing such children and 
reduce the risk-of secondary psychological complications.
The major purpose of the present work is to analyse the 
Stott Test of Motor Impairment and draw some conclusions 
regarding its validity, construction and relationships with
other tests of brain damage, I.Q., perception, body concept ai
iJ
personality. The preliminary chapters examine the" field of 
motor impairment; the aetiology and the development of motor 
skills. The-development of the Stott test from the Oseretsky 
original is traced, and the need for a valid test of motor 
impairment outlined.
In later chapters the experimental analysis of the 
Stott test is discussed. The analysis is concerned'with the 
performance of eight year old children from normal and E.S.N. 
schools on a wide test battery including the Stott Test.
All results were subjected to a factor analysis in order to 
investigate the internal structure of the Stott Test and show 
any relationships with other tests in the battery. Multiple 
regression techniques were employed in order to investigate 
the relationships of extracted ’Stott factors’ to other 
measures in the battery, and finally recommendations for a j 
restructured and shortened form of the Stott Test are made.
CHAPTER 1
THE DEVELOPMENT OF MOTOR: SKILLS.
The maturation hypothesis.
The development of motor skills. 
The sequence of development. 
Manipulative skills.
Perceptual motor integration.
The speed of behaviour. 
Organizational trends.
Postural-locomotor development. 
Development of prehension. 
Handedness.
Maturation and learning. 
Maturation, age and growth.
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THE DEVELOPMENT OF MOTOR SKILLS
It would appear that relatively little work has been 
undertaken in the course of the past quarter of a century 
in the field of motor skills development. This may be due
N '
to the great success of the early workers in providing 
answers to the questions which they posed. There are how­
ever other reasons. With the exception perhaps of the work 
'of Heyns (1963) experimental psychologists have not on the 
whole shown any great interest in the development of young 
organisms. It seems that many regarded the behaviour of 
babies and young children as essentially simple and remarkably 
uniform from one individual to another. Conolly (1970) in 
discussing this field observed:-
l!The view that infant behaviour had little apparent 
purpose of meaning reflected inadequate models and 
experimental techniques.1*
It must, of course, be mentioned that the early 
researchers lacked the sophisticated tools of modern 
psychology, which may in part account for the criticism 
outlined above.
The reappearance of interest in the field of motor 
development owes a good deal to seemingly remote advances 
which have been made in comparative psychology, and to the 
realization of the immense potential which the developmental 
approach has for elucidating the mechanisms controlling 
behaviour. It would appear that as an area of scientific 
study, the development of skill has a great theoretical
2
significance, a point appreciated by Whiting (1969) 
and Morris and Whiting (1971); the latter raising the 
important practical implications of the problems faced 
by handicapped children and children with neurological 
dysfunction.
The striking advances in the understanding of adult 
skilled performance come from an importation of laboratory 
.rigour into the field of industrial and military psychology. 
The work of Fleishman (1967) is worthy of note in this 
respect. One would hope that similar advances could be made 
with regard to very young children, particularly when an 
inter disciplinary attack is made on a set of common problems.
Theories of Development 
The Maturation Hypothesis
During the 1920!s and 1930!s much of the most vigorous 
research in child psychology was concernedWith charting the 
course of motor development. One of the most substantial 
contributions to the field was made by Gesell, who was also 
the leading proponent of maturation as the fundamental 
concept of development.
Gesell argued that one of the principal objections to 
the environmentalist position of the early behaviourists was 
that their approach stemmed from the fact that behaviourism 
explained too much and did not give due recognition to the 
inner controls and checks. Growth, being a property of the
j
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organism, was considered to be primarily controlled by 
the intrinsic physiology of development. Gesell (1929) 
states: -
"Growth itself is a process so intricate and 
so sensitive that there must be powerful 
stabilising factors intrinsic rather than 
extrinsic, which preserve the balance of the 
total pattern and the direction of the growth 
trend. Maturation is, in a sense, the name for 
this regulatory mechanism."
Gesell points out the importance of learning; yet
there seems no doubt that he considered development during
infancy to be primarily a function of maturation. Gesell
and Amatruda (1947) point out:-
"Development is a continuous process. Beginning 
with conception it proceeds stage by stage in 
orderly sequence, each stage representing a degree • 
of level of maturity.”
The ontogeny of behaviour was explained by Gesell (1954) 
in terms of a number of basic principles. The first of these 
was the principle of individuating maturation. This would 
appear to support the view that the growth impulse was 
endogenous rather than exogenous. Environmental factors were 
seen to support and perhaps in certain circumstances specify, 
but they did not engender the basic forms and sequences of 
ontogenesis. Conoily (1970) elucidates this point as 
follows:-
"all individuals within a species will acquire 
certain motor patterns irrespective of the 
environment.”
The basic concept of maturation as an endogenously 
controlled process was coupled with the principle of 
developmental direction, in that development proceeds 
along the principal axes of the body in "cephalo-caudal" 
and "proximo-distal11 directions. The stages were 
considered orderly and behavioural development was thought
to follow continuous lines of ontogenetic sequence.
■ \ '
Gesell considered that mature behaviour was attained
in a spiral rather than linear fashion and this was termed
the principle of reciprocal interweaving. An example of
this is provided by the alteration of extensors and flexors
which permit walking. A similar idea is incorporated in
the principle of self regulatory fluctuation which he
developed to account for the oscillatory and more variable
aspects of behaviour. It was considered a
"process of reincorporation and consolidation, 
rather than one of heirarchical stratification."
It permitted the coexistence of stability and variability 
as mutual complements.
Another aspect of the principle of reciprocal inter­
weaving is that of functional asymmetry. In brief this 
accounts for the development of monolateral preference.
In the neonate, the tonic neck reflex undergoes gradual 
sequented changes from the asymmetrical fencing stance to 
the six month aymrnetrical posture with the head held in the 
mid line position. The initial bilateral use of the hands
5
leads eventually to the predominance of one in reaching 
and grasping.
These principles expressing Gesell!s maturation 
hypothesis were presumed to be synonymous with scientific 
laws. Although apparently never subjected to an experimental 
test, they were derived from repeated and meticulously 
detailed observations on the behaviour of babies and young 
children. Motor development, governed as it was by these 
basic laws of development morphology, provided the clearest 
example of the phenomenon of maturation. This approach 
focused on what were considered to be the fundamental issues 
of ontogeny. The important questions with which develop­
mental psychologists and biologists concerned themselves • 
were the presumed neurological changes associated with the 
observed behavioural changes. McGraw (1945) saw the real 
issue of the maturation hypothesis as whether the neural 
organization formed the framework in which function took 
place, or whether function determined the neural organization. 
What may be regarded as an internal nature/nurture complex.
This approach would seem to support the view that 
behaviour and development emerge; logically as an unfolding 
of gene-determined patterns. Advances made by Fuller and 
Thompson (I960) and Hirsch (1967) have lead to a radical 
reappraisal of this issue and to a general abandonment of 
this rather over-simplified and perhaps misleading dichotomy.
6
Maturation as a process of unfolding was assumed 
by Coghill (1929), who ascribed behavioural development 
to the maturation of central nervous system tissues. He 
believed that maturation determined .the progression from 
generalized action patterns to specific local responses, 
thus embodying another basic notion about motor develop­
ment, namely the mass to specific trend. On the basis of 
observations on neonates and young children it was assumed 
that specific responses were progressively differentiated 
from gross movements of the musculature. Bousfield (1953) 
offered a more sophisticated interpretation of this and 
similar trends in motor development in a theoretical 
rationale for behavioural development in early life.
Coghill*s (1929) generalizations about the patterns of 
behavioural development led him to postulate a process of 
11 individuation11 whereby the extremities of embryos (rat and 
cat) developed isolated movements. Carmichael (1934) and 
Bridgman and Carmichael (1935), working with foetal guinea- 
pigs at the stage when movements first appeared, obtained 
results which indicated that both generalized and localized 
movements may occur at this time. Windle (1940) reported 
specific movements preceding generalized ones. Subsequent 
studies by Windle (1950) appear to have'resolved this dilemma 
by showing that any impairment of the embryo’s respiratory 
condition abolishes reflexes and leads to the occurrence of
7
mass movements. The mass to specific trend is also 
thought to apply to the development.of behaviour in neonates 
and infants (Thompson 1962). In a critical review Kuo (1939) 
argued that this was probably an over-simplification of the 
developmental process; certainly the newborn can exert 
only crude control.over his legs, but he has a very fine 
control over oral responses. Kaye (1967) shows how sucking 
can be brought under stimulus control by the appropriate 
operant procedures.
The inadequacies of the traditional concept of
maturation which viewed behavioural development as a purely
endogenous unfolding of function have been discussed by
Schneirla (1966). He points out:-
1 .. .the dominance of this pattern of thought 
in scientific thinking has led to an almost 
conventional practice of overlooking, ignoring, 
minimizing, or misrepresenting the matrix of 
agencies contributed by the development medium 
to ontogenesis" .
He argues that the factors which contribute to ontogenesis
must be re-defined to exclude the implications of the nature/
nurture controversy and suggests that maturation be re-defined
as: -
"the contributions to development of growth and 
tissue differentiation, together with their organic 
and functional trace effects surviving from earlier 
development." •
' 8
Experience he defines as 2-
”The contributions to development of the 
effects of stimulation from all available 
sources (external and internal), including 
their functional trace effects surviving 
from earlier development.1
These definitions are objective and not based on a 
dichotomy between innate and acquired behaviour. The 
effects of maturation and experience cannot be separated. 
Experience here is not used synonymously with learning; 
rather it is defined broadly to denote any class of 
stimulus effects that result in functional changes ranging 
from biochemical and physiological processes to condition- 
ing and learning.
The subtle ways in which the integration of 
maturation and experience may alter function in early 
development is seen in many studies of embryonic behaviour 
(Coghill 1940, 1943; Hamburger 1963). Functional integra­
tions between rhythmical movements and voluntary responses • 
to stimulation of the duck embryo have important consequences 
for the behaviour of the newly hatched ducklings (Gottlieb 
and Kuo, 1965). Self-organization and central patterning 
are important factors, the significance of the autonomous 
action of the nervous system independently of peripheral 
imputs is increasingly recognized (Lashley, 1951; Szekely,
1968,) Bullock (1961)goes further:
“Central patterning is the necessary and often 
sufficient condition for determining the main 
characteristic features of almost all actions, 
whether stimulus-triggered or spontaneous.”
9
Waddingt'on, (1959) put forward the theory that 
the relationship between genetic and environmental 
variables in the determination’ of behaviour is one of 
interaction. Genes must have a substrate on which to 
operate, and the nature of the substrate will influence 
their action. A point of view that would seem to support 
the re-education programmes of Doman et al. (1967).
’The development of Motor Skills.
The motor ability of a child constitutes an 
important component of his feeling of competence in coping 
with his everyday environment, both in terms of his 
executive independence and as a source of status in the 
home and with his peer groups. The effect of a gain in 
motor competence on personality development is not so 
precise as it depends on the prevailing state of ego 
organization.
It would seem clear that the child with greater motor 
ability is free to explore the wider community with feeling 
of assurance; children with motor handicaps however not 
only feel more timorous in this respect but also find it 
difficult to maintain a realistic level of aspiration when 
faced with motor tasks (Wenar 1963).
An important aspect of motor development is its 
implications for social participation and adjustment. The 
effect of motor development in co-operative peer activities
and the extent to which motor ability determines a chiids 
prestige and leadership status is.dealt with in some 
detail by Mittler P. (1970). Retardation in motor 
competence often forms the beginning of a vicious cycle 
in social maladjustment that is difficult to break, lead­
ing to low social.prestige in the group, this in turn 
fo
leading^a shunning of motor activities and group partici­
pation because both are associated with failure. Their 
reluctance to participate in turn not only increases their 
poor reputation but also, through lack of practice, further 
depresses their relative standing in these very motor 
abilities that are so crucial for group status. The result 
may be a compensatory absorption in non-social activities 
that result in social isolation and failure to acquire the 
skills necessary for successful interpersonal relationships.
Oliver (1955) and Ablewhite (1961) advocate the teaching 
of the 'fundamental skills’ of throwing, kicking, catching 
and aiming so that children may achieve success and self 
confidence in their own ability to take part in the games 
of their peers. The hypothesis that personal development 
may be facilitated by an extension of the above skills into 
challenging and high prestige activities is put forward by 
Oliver (1955 ) who recognises with some sympathy the impor­
tance that skilled performance plays in the social structure 
of child groups.
Cratty (1967) supports the findings of Oliver and states:-
"Fighting ability and superior motor performance 
have been found to enhance status on the part of 
older children"
he goes on to state:-
"Early maturation together with the concomitant 
physical prowess - biological maturity - forms 
a base of success which results in the appearance 
of personality traits involving ascendency and 
social competence which extend into adolescence 
and adulthood."
The extent to which ability in motor skills affects 
the social status of younger children (8 years and below) 
would seem to be less obvious. It may be that younger 
children are less aware of subtle differences in the motor 
ability of contemporaries, but react to gross measures*- 
soccer skill, team selection, fighting ability.
The Sequence of Development
There has been some criticism of the underlying frame­
work of many of the early studies mentioned previously; the 
main criticism being that the maturation hypothesis as presen­
ted in its original form may be an inadequate and misleading 
model•
The human new born is a motorically immature organism 
which tends to respond in a generalized fashion to stimula­
tion. It is equally true that as development proceeds the 
response mechanisms become increasingly refined. For instance 
a 3-year old presents a much smoother performance when walking
than does the child of 15 months who has just established 
independent locomotion. The changes leading to this 
relative smoothness of performance require explanation 
at several levels, neurological, psychological and 
neurophysiological. Care must, of course, be taken not 
to take these generalizations too far, or to accept them 
as full explanations.
Investigators such as Burnside (1927), Bayley (1935), 
Ames (1937), McGraw (1941, 1945) and Illingworth (1966) 
have studied the development of prone progression, erect 
posture and walking in great detail. It would seem that 
their descriptive analysis has considerable predictive
value in the clinical context, and has become 'known in
v
paediatrics as “developmental diagnosis*’, following Geseli 
and Amatruda (1947). One extremely important feature which 
emerges from these studies is an appreciation that common 
everyday behaviours, such as walking, are not single skills 
but rather a complex of delicately co-ordinated activities 
involving posture, balance and movement. The muscle groups 
involved in walking are not only those of the legs and feet, 
but also those of the arms, trunk and neck. Improvements in 
these activities will, therefore, depend upon the integration 
in many feedback loops. If too much attention is given to 
one source at the expense of another then the overall perfor­
mance may suffer disastrously.
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An analysis of throwing skills given by Geseli
(1940) points out the complexity of this problem:-
"Throwing involves visual localization, stance, 
displacement of bodily mass, reaching, release, 
and restoration of static equilibrium. Skill 
in throwing a ball requires a fine sense of 
static and dynamic balance, accurate timing of 
delivery and release, good eye-hand co-ordination, 
and appropriate functioning of the fingers, as 
well as the arm, trunk, head and legs in control­
ling the trajectory of the ball.1
Having achieved the rudimentary skills of locomotion 
and prehension the child begins to acquire a repertoire of 
other motor skills. The work of Bayley (l935^and 
Gutteridge (1939) and Geseli (1929) point clearly to the 
development of the skills of walking backwards and upstairs 
jumping, hopping, skipping, riding a tricycle, throwing and 
catching a ball, Geseli (1940) also points out in great 
detail the development of other skills such as drinking, 
pouring and using a spoon etc, . The publications by Wagoner 
and Armstrong (1928), Jones (1939), Bayley (1965), Hildreth 
(1936) show the development of the following skills.
21-24 months pushing and pulling toys
followed shortly afterwards 
by concentration on separate 
parts and the development of 
greater muscular control.
24 months Crude writing scribbles*
24-48 months complex skills practiced and 
integrated into larger wholes
14
48 months - skills subordinated to various
imaginative and social activities 
into which they are embedded.
2-3 years - buttoning and unbuttoning. Dresses
and undresses.
3-4 years - drawing and writing skills improve
with horizontal and systematic 
vertical lines added to his repertoire.
5-6 years - recognizable letters formed.
Wild (1938), in a study of throwing characteristics 
.of children from the ages of two to six and a half, found 
that maturation during the early ages is more important 
than learning, while practice becomes a more important 
modifier of performance after the age of six. This would 
seem to presume that learning can take place before a 
readiness or maturational state has developed; a point to 
be discussed later. Wild identified the following stages 
in a specific skill area which complement those outlined 
previously (Wagner; Armstrong, Jones, Bayley.)
Age.
2-3 Throwing is predominantly overhand or underhand
in a vertical plane with a decided elbow bend, 
accompanied by little or no body movement.
3f^-5 Movement of the arm begins, occurring in a
horizontal plane while the arm follows through 
more, and the body begins to orient to the 
direction of the throw.
5-6 Stepping by the right foot, (for right handers)
begins, a weight shift occurs.
6^ + Trunk rotation begins; total motion summates
forces to provide for more power and accuracy; 
a step is now taken with the leg opposite to 
the throwing arm.
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The observed maturations! stages outlined on the 
preceding pages could perhaps be regarded as maturational 
signposts, although the complex nature of skills development, 
with the interdependence of complicated co-ordinated elements, 
would make diagnosis based on the stages a somewhat hazardous 
procedure.
Scott (1962) outlin.es some thoughts on “critical 
periods of learning” , and reviews McGraws (1935) early work 
with “Johnny and Jimmy1 where some success, and notably, 
some failure leading to inferior performance was observed by 
using “special early training” McGraw (1935) concluded that 
there are critical periods for learning which vary from 
activity to activity; but it is worth repeating that training 
given too early resulted in some cases in performance that 
was retarded due to the development of unskillful habits.
The implications of these findings for educationists and 
teachers of physical education in particular should be 
abundantly clear. The inability of a young child to handle 
the information flow and his inability to differentiate 
between important and irrelevant cuefe may account in part 
for his difficulties. The ability to handle and select 
appropriate information will depend to a large extent upon 
his past experience; lack of experience and the inability 
to apply “selective attention” (Whiting 1971) which may lead 
to a condition of *motor overload1 caused not only by an
abundance of sensory information but by an equal abundance 
of reafferent signals.
The above argument cannot deny the values of enriched 
environment; the work of Hebb (1947) and Forgays (1952) 
amongst many others have shown that with animals at least, 
an *enriched environment1 has resulted in better performances 
on learning tasks.
Oliver (1963) in working with E,s.kt. children has out­
lined activities that are appropriate at different ages and 
ability levels, and laid stress on natural whole body move­
ment in the early school years leading to the development of 
finer control and awareness through the provision of explor­
atory activities using bats, balls and hoops etc. His belief 
c
in the theory of critical learning periods is outlined in his 
comment:-
”there is an optimum time in the child1 s physical 
development when conditions are most favourable for 
certain skills to be learned” .
.It seems clear that the theory of critical stages or 
maturational signposts related to the acquisition of motor 
skills is in need of a great deal more information. Any 
attempt to teach a child at too early a period of develop­
ment may result in his learning bad habits, which, coupled 
with frustration and low success may handicap him in later 
life.
It is perhaps worth repeating that Oliver!s recommenda­
tions are based on exploratory activities, not set tasks
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preselected by .the teacher on the basis of expected 
standards, and, although referring.to E.S.N children 
would presumably hold good for ’normal* young children.
Manipulative Skills
Manual skills are the chief examples of fine motor 
abilities; they are also characteristically familiar 
functions which have played an essential and distinctive 
role in man’s evolution and cultural progress. Halverson 
(1933, 1937) made detailed studies of how an infant's 
reaching and grasping behaviour developed, and outlined no 
less than ten types of grasping arranged in a developmental 
sequence; running roughly from a crude, clawing type of 
hand closure to a precise index finger-thumb grasp, and from 
a primitive grasp reflex to a "voluntary*1 type of manipula­
tion'. The genetic sequence described by Geseli and Halverson 
(1936) was a significant step forward in our knowledge. The 
developmental sequence leading to voluntary grasping, reaching 
and manual manipulation appeared orderly and lawful. The 
sequence was also presumed to reflect stages of neurophysiolo- 
gical development which required a minimum of environmental 
interaction for mature development. Illingworth (1966) high­
lights the diagnostic possibilities of grasping in young 
children, especially in relation to degrees of spacticity.
V/hite, Castle and Held (1964) on the basis of a series
\ *
of controlled observations have described the developmental 
course of visually directed reaching and relevant responses.
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A subsequent study by White and Held (1967) investigated 
the effects of experimental manipulations on the develop­
ment of;visuomotor behaviour iri infants. They demonstrated 
that the appearance of prehension could be significantly 
accelerated by modifying and 1 enriching" the environmental 
conditions. This clearly has a bearing on the maturation 
hypothesis, and the conditions, deprived, or otherwise that 
infants may experience.
Twitchell (1965) considers the automatic grasping 
responses of the infant as the physiological basis upon 
which increasingly complex forms of prehension are built.
It would seem that this transition is accomplished by an 
interaction of the child and environmental factors. Hein' 
and Held (1967) have for example, shown how important 
knowledge of results is for an animal to make accurate visual 
placing responses. Free viewing of its own activity and limbs 
in movement was necessary for accuracy.
It would seem reasonable to presume that reaching for 
and grasping an object requires some integration of the 
perceptual motor systems which may not be necessary in the 
initial grasp reflex of the young infant.
Perceptual Motor Integration.
The study of motor skill is concerned with the controlled 
spatial and temporal patterning of movements; a skilled 
response is one which is executed both rapidly and accurately.
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Much of the contemporary research on skill has attempted, 
for the purposes of analysis, to break down performance 
into input (perceptual functions), central processing 
(decision and command functions) and output (motor 
function). The work has shown quite clearly, (Crossman 
1964; and Whiting and Morris 197I) that an intimate 
connection exists between sensory and motor processes;
The two interact and are not functionally independent. As 
Connolly (1972) points out, the simple ’skill*- of picking 
up a pencil requires:-
A. "Making an estimate of the distance and radial 
direction of the pencil from the body.■M
B. "Taking account of posture, obstacles and other 
/ cues."
" V - . , • '
C. “Initiating and monitoring a series of movements 
which will bring the hand to a particular spatial 
location."
A sympathetic consideration of the criteria in 
connection with the breakdown of throwing skills, described 
earlier, will perhaps point to the necessity for complex 
feedback loops in the simplified input processing, output 
model•
The establishment of connections between perceptual 
and motor functions and the integration of signals from an 
external source with those produced by .movements is crucial.
Mammals show a surprising plasticity in the responses 
of their sensory-motor systems. Sensory deprivation or
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prolonged immobilization leads to a degeneration of 
performance on perceptual motor tasks (Freedman, 1961).
Riesen (1958) has shown also that the young of primates 
and certain other mammals fail to develop normal visually 
guided behaviour when deprived of visual contact with a 
stimulating environment. These findings suggest that the 
same mechanism may be involved in the development of sensory- 
motor control as with its maintenance and adaptation to 
changes in the perceptual world.
The concept of reafference developedby von Holst 
(1954) has been used by Hein and Held (1962) in constructing 
a model of visuomotor adaptation and development. Basically 
they suggest that the stimulus transforms which accompany.a 
skilled movement are an important source of order. This order 
underlies and is essential for the organization and reorganiz­
ation of plastic sensory-motor systems.
The difficulties which many young children have in 
copying two dimensional configurations are well known. Birch 
and Lefford (1963) studied the relationship between haptic, 
visual and kinaesthetic sense modalities for shape recognition. 
They found that the ability to make intersensory judgements 
improved with age and that this improvement could be described 
by a logarithmic growth function. In a subsequent monograph, 
Birch and Lefford (1967) applied these ideas of intersensory 
integration to an examination of the processes underlying
voluntary motor control. Their various experiments led 
them to the view that
n .improved intersensory organization is critical 
for the development of refined and modulated 
adaptation to the surrounding environment.”
If the young child is unable to interpret signals arising
from his own responses, then the task will indeed be complex
for him. The problems of children with disturbances in
perception will be dealt with i.n a later section.
The Speed of Behaviour
Adams (1964) drew the distinction between the molar 
and molecular approaches to the analysis of skill. By far 
the largest volume of work has been completed within the 
molar framework, for example questions regarding the efficacy 
of “massed” versus “distributed” practice. Much of this work 
has been carried out within the context of S-R associationism 
and the primary focus has been on learning rather than 
performance. Over the past 20 years this imbalance has slowly 
been redressed. The ideas of Craik (1943). the development of 
cybernetics and the importation of engineering concepts into 
psychology have led to the emergence of the molecular approach 
with its emphasis on the analysis of performance. It is within 
this context that this section will consider the changes in 
the speed of behaviour which accompany the development of 
motor skills.
As long ago as 1892 Bryan used speed of tapping as a 
measure of the “speed of muscular movement” and found that
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the gain in speed as a function of age was approximately 
linear to the age of 16. Later studies by Goodenough 
and Brian (1929) and Goodenough and Tinker (1930) confirmed 
these findings, More recent work by Davol, Hastings and 
Klein (.1965), Connolly, Brown and Bassett (1968) and Connolly 
(1968) has confirmed, using very different tasks, this 
observation regarding the substantial changes in speed which 
accompany increasing age.
Connolly (1970) describes motor responses in terms 
of latency and duration, with the addition of sub units 
pre-programmed in a particular sequence for more complex 
skills, and outlines three classes of variables which in 
Chis opinion lead to observed increases in the speed of 
performance; they being
(1) "Hardware changes" - some of the basic neurological 
and neurophysiological changes which accompany growth, 
e.g. the myelination of axons v/hich leads to accele­
rated rate of conduction.
(2) "Software”...'- "the functioning level of an organism 
or a machine will reflect the use made of it."
i.e. Economy of effort or more effective selective 
filtering mechanisms; (what may be termed manage­
ment of the learning situation).
(3) A combination and compounding of 1 and 2 for better 
or worse•
There is a wealth of evidence to suggest that "Hardware" 
changes do affect the speed of behaviour (Clarke 1958,
Tanner 1961, Langworthy 1933).
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Organizational‘Trends
Particularly striking as the child passes through 
the various, relatively uniform developmental sequences 
in the acquisition of postural, locomotor, and prehensile 
functions in the influence of the cephalocaudal and proximo- 
distal trends. For example, the development of cortical 
control over eye-limb co-ordination proceeds in a cephalo­
caudal trend. Correlation of eye-arm co-ordination and eye’- 
arm co-ordination and eye-hand co-ordination reverses with 
development of the infant (Zagora, 1959). Proximo-distal 
development is also illustrated by the earlier development 
of eye-palm co-ordination as compared to eye-finger co-ordina­
tion (Zagora, 1959). Also, as might be reasonably anticipated, 
postural control of a given part always precedes controlled 
movements of the part (Shirley 1931); and since the acquisi­
tion of upright posture requires dominance of muscles with an 
anti-gravity function, the balance between flexor and extensor 
tonus- gradually shifts in favour of the later (Shirley 1931).
To some extent what has often been referred to as the **large 
to small muscle” and the ”mass to specific” trends is in part 
a reflection of the proximo-distal trend since smaller muscles 
and the muscles involved in more specific functions tend to 
be distally located. The 11 mass to specific” trend also 
reflects a general tendency already evident in the neonatal 
period, towards the elimination of generalized, superfluous, 
and exaggerated movements irrelevant to the execution of a 
particular task.
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Consistent with the trend toward minimal muscular 
involvement and economy of effort, bilateral performance 
of many motor activities is gradually superseded by 
consistent preference for a single hand (Geseli and Ames 
1947; .Karr 1934; Lederer 1939), During infancy and 
childhood, however, unilateral preference tends to be 
relatively unstable and to alternate with bilateral 
proclivities (Cohen 1966; Belmont and Birch 1963; Flament 
1963; Geseli and Ames 1947). One early manifestation of 
asymmetrical unilaterality is the tonic neck reflex (rotation 
of the head to one side when the infant lies in the supine 
position) which commonly persists for the first three months 
(of life (Geseli, 1954). Various forms of “reciprocal inter­
weaving1* also characterized integration of the four extremities 
during the course of postural and locomotor development. These 
include ipsilateral and contralateral co-ordination of syner­
getic muscle groups, reciprocal opposition of antagonists, and 
diagonal alternation. The application of these stages by J| 
Doman and Delacato (1967) in their “regression therapy1’ for / 
brain injured subjects is worthy of note. Finally, motor 
development, like physical development, follows an. asyn­
chronous pattern. For example, two motor functions can 
develop at remarkedly nonparallel rates., sucking varying 
much less with age than does manual strength (Bergman,
Malasky, and Zohn, 1966).
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Postural-Locomotor Development.
Postural-locomotor development is characterized by 
a sequence of stages which are•relatively uniform for all 
children despite individual differences in age of occurrence. 
Occasionally some steps are omitted by individual children or 
even by most children in a particular culture.
The following is a brief timetable of the more salient 
landmarks and their median age of emergence as listed by 
Shirley (1931).
3 weeks - lifting the chin from the prone position.
9 weeks - raising the head and chest from the prone 
position.
31 weeks - sitting alone for one minute.
37 weeks - crawling.
42 weeks - standing, holding on. •
44 weeks -creeping, 
c 62 weeks - standing alone.
64 weeks - walking alone.
Ames (1937) has identified fourteen successive stages 
of prone progression which coalesce and coexist before 
replacing each other in turn. The three most important 
precursors of walking are crawling (moving with the abdomen 
in contact with floor), creeping (moving on hands and knees 
with abdomen parallel to floor), and hitching (locomotion in 
a sitting position). Beginning walkers tend to flex their 
knees, take short, wide steps, and keep their arms elevated 
(Burnside, 1927). There appears to be a latent period bet­
ween standing and independent walking (Shapiro, 1962) and 
the possibility that further cortical regulation is occurring
is indicated by the disappearance of the plantar reflex 
about the time of standing (Dietrich, 1957).
As indicated previously, the age of occurrence varies 
from one study to another and some of the steps are omitted 
from the sequence. Thus, children who spend their day on 
their backs in nursery (institutions) do not walk until four 
years and appear to skip the creeping stage entirely (Dennis 
and Najarian, 1957). Differences in mean age for walking in 
different European samples may be a result of genetic, nutri­
tional, and parental factors (Bindley et al, 1966). Genetic 
differences, between different groups of children, in motor 
facility is more credible as a hypothesis in motor develop­
ment than in other areas of development. For example, African 
infants are superior in motor development to European children 
in the control of their head movements and in exhibiting a 
lesser degree of flexion and the frequent absence of subcorti- 
cally regulated reflex activities (Geber and Dean, 1957).
The effects of environmental influences in African children 
is seen in the exceptionally early walking of Uganda infants 
(i.e., as early as seven months ) whose parents encourage motor 
activity, (Geber 1958). Walking, however, appears to be less 
variable cross-culturally and intraculturally than other types 
of infant skills (i.e., language functions, body equilibrium,, 
etc.) (Kohen-Raz. 1968).
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Development of Prehension.
The development of prehension involves the co-ordina­
tion of relatively distinct sensori-motor systems, namely 
visual-motor systems of eye, arm, and hand, and the tactual- 
motor system of the hands (White, Castle and Held, 1964).
The development of these systems is asynchronous and occurs 
at different times before they are gradually co-ordinated 
into a complex superordinate system in prehension (White et al 
1964). At 2 months of age object-oriented movements are 
observed by babies in their cribs, illustrated by a swiping 
movement with no attempt at grasping (White et al, 1964).
During this period hand movements occur basically to visual, 
Cand visual-auditory stimuli (Kistyakovskaya, 1962). During 
the third and fourth months of age Unilateral arm approaches 
decrease in favour of bilateral patterns, with the hands to 
the midline and clasped (White et al, 1964). At 16 weeks 
the child attempts to reach and grasp a cube placed before 
him on a table (Halverson, 1931). Unilateral responses 
reappear at about four months but the hand is no longer fisted; 
the open hand is raised to the vicinity of the object until the 
object is crudely grasped (White et al, 1964). At about 20 
V W&eks the infant begins to reach for and successfully grasp 
the test object in one quick direct motion of the hand from 
out of his visual field (White et al, 1964). The 24 week old 
infant uses a corralling ana scooping approach with his palm 
and fingers. At 28 weeks he begins to oppose his thumb to
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his palm and other fingers * Finally, at 36 weeks 
co-ordinated grasping occurs between the tips of the thumb 
and-forefinger (Halverson, 1931).
This developmental sequence, which is functionally 
discontinuous from the infant1s grasp reflex is marked by f 
the following noteworthy features: progressive improvement
in aim, precision and smoothness of execution; decreasing 
bilateral involvement and use of shoulder and elbow move­
ments; increasing rotation of the wrist and opposition of 
the thumb; and gradual replacement of the gross palmar- / 
digital and palmar-thumb approaches by the more localized 
tip of thumb and forefinger technique.
Handedness.
The preference for a particular hand develops slowly.
It’is not evident at all during the first six months of life 
and is quite unstable at the end of the first year (Flament 
1963; Hildreth 1949; Lederer 1939).
By the end of the second*year about 85 per cent of all 
children are predominantly right handed (Hildreth, 1949) 
although ambilaterality is not uncommon (Belmont and Birch 
1963). Stability of preference, however, is not established 
until- the age of six, at which time the percentage of left- 
handedness (7 per cent) roughly approximates that found in 
the adult population (Hildreth, 1949). Males show a slightly 
higher percentage of left-handedness than females (Flick 1966).
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Hand preference seems to be part of a general 
lateral dominance, but individual discrepancies with 
respect to different body parts and even with respect to 
different activities performed by a single part (e.g., 
writing, throwing, batting) are not uncommon (Eyre, 1933),
. Left-handedness may be something of a motor handicap 
since most tools are designed for right-handed persons, and 
because the latter find it relatively difficult to demon­
strate motor skills to left-handed individuals. More impor­
tant perhaps is the fact that left-handed children are 
frequently made to feel self-conscious about their condition 
and are often subjected to strong pressures to shift hand 
.preference. It would be dangerous, however, to assume that 
left handedness is necessarily a handicap. However, there 
is little evidence to indicate that changing handedness per 
se contributes to stuttering. Most stutterers give no history 
of changing handedness, and few children who do shift handed­
ness subsequently develop this speech defect. The determina­
tion of handedness is still a matter of conjecture. Ojemann 
(1930) suggested that genetic predispositions probably exist, 
and since there are few if any left handed cultures, it would 
be reasonable to assume that the predisposition among humans 
is towards right handedness. Right handed predispositions 
are presumably reinforced by the culture, and left handed 
often changed to right,
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The most important determinants of handedness, 
therefore, are deliberate training measures and the 
cumulative’ impact of innumerable environmental cues.
Occasional cases of left-handedness are attributable to 
strong genic predispositions, absence of or resistance to 
training, unresponsiveness to environmental cues, and 
direct teaching by, or imitation of, left-handed parents 
or teachers.
Pasamanick and Knoblock ' (1961 ) indicate that children 
with a suspected history of brain damage before or during 
birth show no clear preference for handedness when compared 
to normal children. In contrast to brain-damaged children, 
^early preference in infants is associated with advanced 
developmental status (Cohen, 1966).
There seems to be little doubt that cerebral and lateral 
dominance are associated. There is evidence to suggest that 
the motor speech area is located in the same cerebral hemi­
sphere that controls the preferred hand. It is perhaps more 
logical to suppose however that cerebral dominance is a 
consequence rather than a cause of handedness. Anatomically 
it is well established that each cerebral hemisphere controls 
the voluntary musculature on the opposite side of the body.
' It would seem logical to assume therefore that if there 
is a genetic predisposition in addition to cultural pressures 
to perform motor skills with the right hand, then the neuro- 
anatomical base will be located in the left hemisphere.
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If on the other hand cerebral dominance was determined 
innately and caused handedness it would be difficult to 
explain the frequent occurrence of cross lateral hand 
eye and foot preference, especially in the light of 
Flick’s (1966) findings that left hand and left eye 
dominance is associated with poor perceptual motor performance •
Evidence presented by Palmer (1964) points to the concept 
that laterality is complexly determined, arguing against the 
theory of a unitary factor or dimension underlying the 
development of handedness.
Maturation and Learning.
The relative importance of-maturation and learning in 
the acquisition of motor skills is largely a function of 
whether the latter are phylogenetic or ontogenetic in nature. 
Phylogenetic skills develop "auto-geneously” in orderly, 
uniform sequence despite marked cultural differences in child- 
rearing practices. Environmental stimulation does not 
accelerate and deprivation of -use (within limits ) does not 
seem to retard their rate of development. The most important 
factor determining the emergence of a given phylogenetic skill 
is the adequacy of its neuroanatomical and neurophysiological 
basis as determined by genic influences.
Individual differences in rate of development are 
largely determined by genic factors; intra-pair differences 
in the acquisition of phylogenetic skills, for example are
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much smaller among monozygotic than among dizygotic twins 
(Stern, 1949). Temperamental factors may affect age of 
emergence of some of these skills, but socioeconomic 
variables generally seem to play little role. Only extreme 
emotional deprivation has been found to retard the rate of 
early (phylogenetic) motor development. (Fish 1961).
In the case of ontogenetic motor skills, particularly 
those which are psychosocial or specialised in nature, rate 
and extent of development are largely dependent on oppor­
tunities for practice, and on motive-incentive conditions. 
Advanced states in the development of ontogenetic skills 
presuppose the prior advancement of lower levels of performance 
(Fowler, 1966). Much of the declaration in the rate of motor 
development that sets in about the age of three in our culture
is attributed to the lack of challenging environmental
stimulation and to stereotyped playground equipment (Gutteridge 
1939; Jones 1939), the heritage perhaps of our 1 concreteV 
society.
Fortunately this situation is no longer applicable 
in many schools, but one can only wonder how the fast
disappearance of open ground will affect the development of
motor skills in young children. The significance of movement 
for early development is a point appreciated by Whiting and 
Morris (1972). White and Held (1966) experimented with 
visually directed reaching using "proper** types of environments
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experiences and achieved an improvement. Johnston,
Kelley, Harris and Wolf (1966) achieved an improvement 
in climbing behaviour when it was reinforced and encouraged 
by adults •
Maturation - Age and Growth.
It is quite reasonable to assume that there is a 
relationship between those sections of maturation known as 
age and growth, and general motor ability. Several studies 
have been completed on this aspect, but Thompson (1954) 
provides a very good coverage of the research completed in 
this area.
■ Graphically speaking, gross motor ability tends to 
increase with chronological age until about the age of sixteen 
or seventeen, a plateau occurs in the curve until about age 
twenty and then there is a decrease. This is only true for 
global skills, but not necessarily true for more specialised 
motor actions. While the shapes of developmental curves for 
retardates approximate those for normals, there is in general- 
a delay in demonstration of motor skills dependent on the age 
and I.Q of the group considered and the type of motor perform­
ance evaluated. Jones (1954) and Bayley (1933) have shown 
that there is a general agreement that infant developmental 
schedules (which are sometimes incorrectly referred to as 
infant intelligence scales) cannot be used to predict mental 
status later in life. For example, in 1959 Malpass reported
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that more than 45% of his retarded adolescents were not 
walking by.the sixteenth month and 20% did not walk until 
after twenty-six months of age. 52% of retardates had not 
achieved bowel control and 55% had not achieved urinary 
control by two years of age, an age at which 80 - 90% of 
normals achieved such control.
As age increases through adolescence, differences 
between normals and retardates in gross motor skills tend to 
increase. The fact that the curves for motor maturation of 
educable retardates are similar to those of normals suggests 
that defectives may be able to profit from the same kinds of 
experiences, with which normals are provided, but that more 
patience is necessary in setting expectations for their 
performance.
It is difficult in humans to isolate the contributions
of the factors of maturation and learning to the development
of motor ability, for they continually interact. The differen
has been shown in animal experiments, for example Tinbergen
(1951) stated that:-
"Grohmann prevented young pigeons from carrying out 
their incipient flight movements, by rearing them in 
narrow tubes, thus mechanically preventing them from 
moving their wings. When the controls were able to 
fly a certain distance, both experimental and control 
birds were submitted to a simple flying test, and it 
was found that the achievements of the two groups 
were equal .,f
It can be concluded from this that flying is not learned 
for the experimental pigeons had had no practice-, no instruc­
tion and no chance to see others fly.
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Taking the same case for children, it can be argued, 
despite the common belief that children 1learn to walk’, 
that maturation again plays the greatest part. Charlotte 
Buhler (1935) in her studies of Albanian children found 
that these children were bound in swaddling clothes in 
cradles for the first year of their life, and after being 
unbound could not grip or hold anything for over two hours, 
but after that could perform tests appropriate to their age. 
Other studies have supported this view that walking is in 
the main the result of maturation, although it is capable of 
modification, e.g. the race walking expert.
If a child has matured so that he is ready for an 
activity, but due to environmental conditions does not perform 
it, then at a later date this activity may prove difficult to 
perform. Therefore it may be assumed that maturation and 
development through motor action are closely interlinked and 
it is easy to attribute to training, an improvement in perform 
ance which is really the result of maturation.
The level of initial ability from which a child starts- 
to learn a new action contains a large maturational element, 
but it also depends on the previous activity of the structures 
Quite clearly, the greater a person’s chronological age, the 
more time he will have had to try out and develop different 
movements and actions, but the extent to which he has built 
up a variety of responses will to a large extent have depended 
on his environment. A girl who has grown up .with- two brothers
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is likely to be able to throw a ball overarm, better than
a girl who is an only child and she may, as Knapp (1963)
states, ■ .
“learn a tennis serve with less practice 
than the only child who has probably thrown 
mainly in an underarm fashion.1
Important in the development of motor ability is the 
position of the centre of gravity in the body, which alters 
considerably as maturation takes place, facilitating more 
complex motor acts. A new-born baby, having a large head 
and ineffective lower limbs, has a centre of gravity in the 
thoracic region of the body. As he matures the centre of 
gravity becomes situated lower down and at the age of five 
or six years, is around waist level. This lowering of the 
centre of gravity continues until around the age of thirteen 
or fourteen it is around the level of the hip bone. There­
fore, we may assume that having a higher centre of gravity 
the young child has.greater difficulty in acts of balance 
than the child approaching adolescence. Running parallel 
with this problem is that of the development of individual 
body parts.
In any consideration of the relative development of 
parts of the body, the work of Tanner (1946) and Cureton 
(1941) is worthy of note. There is little doubt that 
mesomorphic individuals generally exhibit greater physical 
achievement than either ectomorphic or endomorphic persons; 
however; a more refined analysis of limb lengths, hip and
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shoulder widths, and the relationships of various body 
parts is needed for a thorough knowledge of the physical 
characteristics conducive to efficient performance. It 
seems obvious that structural efficiency is specific to 
various activities, and several Investigators have described 
body types which are ideally suited to performances in 
particular activities.
Cureton (1941) reported rather obviously that people 
'With long legs make good jumpers, runners, hurdlers and 
vaulters; these same people however are weak in the perform­
ance of heavy and sustained work. Short, heavy set people 
make good heavy labourers. Cureton also reported that per­
formers in running and jumping events were high in ectomorphy, 
but those involved in weight events had a tendency toward 
endomorphy.
In a later study, Cureton (1951) compared swimmers and 
track athletes. He reported that swimmers were heavier than 
track athletes who are typically slight in skeletal framework* 
Track athletes were found to have long forelegs in relation 
to thighs and long overall legs compared to trunk length. 
Conversely, he found that wrestlers, gymnasts, weight lifters 
and divers had longer and larger trunks in relation to limb 
length.
Tanner (1946) arrived at several conclusions similar 
to those of Cureton. Tanner reported a gradient of decreasing 
mesomorphy as runners move from sprints to longer races.
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Sprinters were found to be muscular relatively short 
(especially in the legs) when compared to middle distance 
runners. Generally he found that runners tend to be slip, y 
high jumpers tall, pole vaulters outstanding in arm and 
shoulder development, throwers tall and heavy, with discus 
throwers being on average the largest of the athletes.
If one accepts the evidence produced, and there seems 
to be little conflicting evidence, it seems that in their 
'development, young children will pass through what may be 
termed activity specific stages of growth and limb development 
These stages will obviously affect the acquisition and perform 
ance of motor skills. ,
The sociological and psychological problems associated 
with a failure to perform vital social tasks could be. and no 
doubt are, the reasons for antisocial or deviant behaviour; 
behaviour due not to brain damage or impairment of the neuro­
logical processes, but simply to the unfortunate circumstance 
of having the wrong body for the job. To extend the implica­
tions for education, and in particular physical education, one 
could consider the argu merit of Munrow (1956) when he dis­
cussed the pointlessness of turning out racehorses (high level 
gymnasts and athletes ) when what is needed are carthorses 
(labourers, builders etc).
Motor co-ordination also increases from birth; McCloy 
(1954) has shown that little improvement occurs in girls after
the age of thirteen while boys continue to improve, even 
after adolescence. There is a popular belief that adoles­
cents are awkward and clumsy, and many teachers think that 
there is a loss of skill when the adolescent spurt in height 
and weight takes place. They argue that the sudden increases 
must upset co-ordination and balance. Evidence of research­
ers, however, shows a consistent improvement with chronological 
age, though the frate of gain* may be retarded in some elements, 
pimmock (1935) and Espenchade (1940) have both p.roduced evidence 
which shows that the rate of improvement of motor co-ordination 
continues even during the periods of the most rapid increases j
- I
in height and weight. However, the improvement is often less \
at puberty. It is also shown that reaction time, speed, ^
precision and steadiness also improve as the. child matures - \
all factors of considerable importance in motor actions. j
I
In addition to the factors already mentioned, motivation
i
must be considered, as this inevitably has a great effect on
. i 
i
motor ability and performance. Despite the variables of rate
i
of maturation and social influence, patterns in this field do J
t
emerge. j
!
In the pre-school child, his play and motivations are j
ii
largely of the solitary type, but after this the child will j
 ^ *
join with groups of other children and, therefore, the actions j
of others will have a greater effect on him and his motor j
performance. He may copy other children and begin to explore |
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more complex fields of motor activity. This is the period,
i.e., from early school age to early adolescence when the 
child can readily learn new skills to enhance this motor 
ability, although in the early part of this period he might 
find it difficult to concentrate on the task in hand.
At about eleven years of age, competition and team 
games become more important. He gradually learns that he 
cannot dominate the group and that he must co-operate with 
them and limit the part which he plays in his team. Anyone
j who has tried to teach soccer to nine year old boys or net-
/ ' . ■
ball to eleven year old girls, will know how difficult it is
to stop all the children chasing the ball all the time. This
is not due to selfishness or lack of intelligence, but to
lack of maturity. At a later age most of these children may
become good team players.
As age increases the boy or girl tends to concentrate 
on those sports at which he or she excels, although given an 
encouraging environment, many adolescents with only average 
ability will continue to play and enjoy team games. Never­
theless, as a child’s age approaches fifteen, many boys and 
an even greater number of girls begin to lose interest in 
sport and many other types of recreation, and to some extent 
at this point the influence of advancing age slows down the 
motor development. Given a wide choice of activities this 
slowing down is not so marked, as many adolescents take part
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with great enthusiasm in physical activities such as 
dancing, tennis, badminton, cycling, .etc., which offer 
the chance to meet the opposite sex. They may also take 
part in individual activities such as golf, climbing, 
sailing, etc. - activities which offer a challenge.
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CHAPTER 2
The aetiology of motor impairment
The aetiology of minimal brain damage and its effects on 
motor ability
Prenatal and paranatal factors
Prenatal factors
Prenatal anoxia
Virus infection
The Rhesus factor
Toxaemia of pregnancy
Climate and foetal damage
Emotional disturbance v
Causative factors of birth injury 
Prematurity 
Placenta praevia 
Precipitate labour 
Pelvic deformity
Anomalies in presentation
Breech presentation 
Forceps deliveries 
Caesarian section 
Twin pregnancies
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THE AETIOLOGY OF MOTOR IMPAIRMENT 
Donague and Nichyern (1965) quoted by Morris 
and Whiting (1971) outline some of the problems and
complications of impairment; they state:-
’’Children are conceived, born and grow - the 
products of nurturing ingredients of life, 
love., acceptance and parental devotion.
Introduce a disturbance - of conception 
(congenital defect), of birth (brain damage) 
or of growth (personality disturbance) - and 
more of these nurturing ingredients are needed. 
Combine some of these disturbances and an 
extra-ordinary nurturing effort is required, 
effort which is not, unfortunately, always 
made. Too often the defect, damage or distur­
bance breeds anxiety, rejection, isolation - 
and further disturbance. And so a destructive 
cycle is initiated51.
Social considerations are a recurring theme in 
any study of impairment, for many of the chiIds 
difficulties are manifested in an inability to meet 
the demands made upon him by the environment or 
society; this inability may result in problems of 
social integration which in turn may lead to other 
less desirable forms of action, attention seeking, 
fulfilment or even revenge.
Authorities are in little doubt about the effect 
of serious damage to the Central. Nervous System, and 
stress the great risk of injury due to birth complica­
tions particularly perinatal factors. Christensen 
and Melchior (1967) offer the following estimated
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degree of motor handicap.
1. Slight motor handicap - does not prevent
the patient from 
carrying out the 
movements necessary 
in daily life.
2. Marked motor handicap - the defect makes it
impossible for the 
patient to carry out 
movements in a 
normal manner.
3. Severe motor handicap - prevents the patient
.from carrying out 
voluntary movements 
with the parts of the' 
body involved.
In categories 2 and 3 which represented 98% of the
spastic group studied by Christensen and Melchior,
no doubt existed as to their handicap. One wonders
how difficult it would be to screen the remaining 2%
from a normal population, and whether this 2% would
increase to the figure of 6.7% found by Brenner et. al.
(1967) if a sufficiently refined test of impairment
existed.
It would seern that too little of the research 
work in this field includes assessment of the mildly 
handicapped. Christensen and Melchior (1967) remark 
in connection with pneumoencephalography that:-
11 the examination is. only rarely performed in
patients with only slight motor handicap."
There is, however, no shortage of well documented 
information on the aetiology of cerebral palsy, a 
section which will be dealt with'in greater detail
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later in this chapter.
- In an assessment of cerebral palsy, Holt (1965)
remarks upon the considerable variation in the
clinical picture: -
1 At one extreme, cases of cerebral palsy 
merge into the group of the severely 
mentally handicapped, and at the other 
extreme they merge with the normal 
individual. In recent years much needed 
attention has been given to' the milder 
cases of cerebral palsy—  the so called 
clumsy children, or those with minimal 
cerebral palsy’1.
The argument that at least some forms of motor 
impairment have an aetiology similar to that of 
cerebral palsy is supported by research studies 
involving the examination of spinal fluid obtained 
from new born infants. Strauss (1950) found that in 
60 - 8C?o of the first born infants so examined traces 
of blood were found, indicating the existence of birth 
trauma. All the subjects appeared otherwise entirely 
normal, and Strauss expresses some surprise that more 
of these children did not show evidence of brain 
injury in later.life. He does not; say how he knows
that' they do not! In this vein Gesell (1941) counsels
<
“In obscure or doubtful cases the following 
is a safe rule - Do not assume that the^e^has 
certainly been a cerebral injury, but assume 
that every child who is born alive has run 
the universal risk of such injury'*.
The elusive nature of minimal brain injury is
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well demonstrated by Mac Keith (1963) when he 
points out: -
“The word damage refers to a structural 
change of some, kind --- only an autopsy 
can tell, and even then this only with 
the qualification that there may be 
subtle changes which can not be brought 
out with our present methods” .
It is, however, hardly surprising to discover that
minor brain trauma is difficult to diagnose when
one remembers that although the immediate consequence
of brain injury may appear serious, physicians and
laymen alike are acquainted with experiences of
children so injured, who have made a full and
complete recovery. On the other hand there appear
from time to time cases of seriously handicapped
children for whom clinically there can be no doubting
the diagnosis of brain injury, yet whose history
provides no clue as to its aetiology. (Strauss 1950).
In defining impairment, authors and researchers
provide ample, if often confusing, material however
the following definitions, apparently well received
may clarify the picture. Wedell (1964) states that
minimal brain damage is:~
i!a condition in which there is little or 
no sign of neurological abnormality but 
some clear disorder of cognition thought- 
or effect, such as is commonly associated 
-with manifest neurological abnormalities
Morris and Whiting (1971) look at the
symptoms vvhen they define impairment as:-
’’the inadequacy of an individuals physical 
responses to the everyday demands of his 
environment. As such it is a conditign 
that manifests itself in performances which 
are subnormal or whose efficiency has been 
• hampered in some way.”
In attempting to establish the aetiology of
motor impairment it is not enough to demonstrate
possible links between minimal cerebral dysfunction
and motor impairment. Stott (1966 b) lists the
following as factors likely to affect the quality of
motor function.
Immaturity.
Toxicity.
Hormonal disturbance. ‘
Malnutrition,
Hypoxia.
Of these, the least easy to distinguish is 
immaturity. The r$te of advance of such physiological 
processes as axon myelination in the peripheral nervous 
system is doubtless one of the determinants of motor 
maturity. Strauss and Lehtinen (1950) warn of dangers 
in confusing brain injury with ’motor infantilism” in 
the child of four or five years of age.
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To this list one may add:-
A. Deprivation
1. Environmental
2. Maternal
3. Sensory
4. Motor
B. Stress.
The complexity of contributing factors is
highlighted by a review of deprivational studies —
(Newton and Levine 1968). They showed a high
incidence of perceptual, motor, social, intellectual
and emotional impairment resulting from various
forms of deprivation. It seems.clear that deprivation
could be a causal factor of motor impairment as
evidenced by the findings of the above studies. It
would seem obvious that the motor impaired child who
is also subjected to deprivation is likely to suffer
!
to a greater extent.than the !normal1 child. This 
view is supported by an article in the British Medical 
Journal (1963) which suggested that clumsiness may be 
due to a delayed maturational process of the nervous 
system, which in turn may be the result of early 
deprivation or adverse environmental factors.
What then constitutes an adverse environment? 
Davies et. al. (1969) in a study relating delinquency 
with impairment reported the following adverse 
environmental conditions as prevalent amongst the
49
population tested:-
Delinquent sub culture.
‘Criminal parents.
Impoverished home conditions.
Separation.
Divorce.
Co-habitation.
Step parents.
Mental and physical cruelty.
Maternal or paternal deprivation.
'Psychotic or physically handicapped parent. 
Violence in the home. .
Rejection.
Illegitimacy. -
Over indulgence.
Under nourishment.
Emotional deprivation.
The above conditions were rarely present in 
isolation. An interesting reversal of current thought 
may lead to the argument that those who survive 
deprived or difficult conditions (survival of the 
fittest!) may be better equipped to cope with every­
day pressures than those placed under little stress.
The argument holds good of course only for !survivorsM 
the fate of those who fail to ’surface1 must be fraught 
with dangers. Stott (1964) expands the argument when 
he mentions:-
11 the survival-of the vulnerable1 
pointing out that with advances in medical technology 
many more delicate children survive and that these
survivors may contain many more motor impaired subjects 
/  *
than a ’normal1 population.
The implications of the previously listed factors
which may affect the development of motor skills
o
become crucial for this group.
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The interaction of deprivation variables
will/produce stress, and varying levels of stress
will have varying effects. Gratty (1967) defines
stress as:-
“Stress is an internal reaction, an 
intervening variable between situation 
and -performance, evidenced by a marshalling 
of resources to meet a threat”.
It can be seen, therefore,.that extremes of
stimulation by the environment may affect the develop
ment of a child.
Morris and V/hiting (1971) express the view that
sensory deprivation in early childhood plays a much
greater part in subsequent motor competence than has
been admitted by researchers in the past. .In an
unpublished paper,Whiting (1968) quotes Hebb*s
proposition that sensory stimulation of the early
environment is necessary for the maintenance of some
neural structures which would otherwise degenerate,
and also for the occurrence of learning which is
essential for normal adult behaviour. It is obvious
that a child deprived of the opportunity to acquire
simple manipulative skills with bricks and beads will
be at a disadvantage when confronted by a problem of
manipulation, e.g - button fastening. But how much
greater will be the difficulties facing a child
deprived of certain sensory experience, not by his
environment but by the failure of his nervous 
system to .translate stimuli into the kind of 
ordered pattern which will elicit normal motor 
responses?
The models presented by Whiting (1971) and
Welford (i960) indicate the complexity of the
’normal* input - translatory - decision making -
output mechanisms involved in skilled activity,
it hardly needs reinforcing that a disturbance at
any level may produce a chain reaction of disturbance
throughout the system.
Kantor (1947) points out the dangers of placing
too much emphasis on the brain; he states:-
wWhen brain injury or malformation can be 
co-ordinated with ineffectiveness of action, 
it is a common belief that the brain injury 
is the cause of the behavioural problem.
The greatest objection to this is the over 
emphasis of one object in a complex event on 
account of its construction even if in some 
instances more weight may be given to it 
than some other thing’*.
This view is supported by the findings of a 
report by the special services branch of the Ministry 
of Education in I960. In an enquiry into the incid­
ence of brain damage, they reported:-
’*...there is a fairly general agreement.. .that 
there are a number of very emotional immature 
boys and girls - their chief characteristics 
are that they are over active, easily distractible 
and have defective perception and judgement.
They react vigorously to even slight frustration 
and quickly get into a temper and become 
agressive, they seldom present any neurological 
abnormality11.
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To summarise the difficulties of the cause 
and effect_relationship of impairment one must 
consider that the functional incompetence revealed 
by a seven year old who cannot fasten buttons, or ^
a ten year old who persistently knocks over his j
paint jar during art lessons need not necessarily I
be the sequel to neo-natal brain insult. Such 
deficiencies can be due to immaturity, toxiticy, 
hormonal disturbance, malnutrition, deprivation or 
stress as well as to tissue damage in the central 
nervous system. Whatever the cause, the result is 
clear enough, a failure to co-ordinate, a gap between 
intention and execution.
THE AETIOLOGY OF MINIMAL BRAIN DAMAGE AND ITS 
• . ‘ EFFECT ON MOTOR ABILITY
Information regarding the aetiology of cerebral 
palsy may be traced back as far as Little (1843) who 
listed perinatal asphyxia and prematurity as primary 
causative factors. These findings were modified in 
a later study (Little 1862) to. include abnormal 
parturition, difficult labours, premature birth and 
asphyxia neonatorum. Other more recent studies have 
added to the list; examples are the work of Plum 
(1964) into the effects of neo natal jaundice; and 
the work of Fulsang-Frederkson (1958), and Melchior 
(1961) who found the commonest single cause of 
cerebral palsy to be perinatal factors - a perinatal 
history of brain lesion. There are other conditions, 
foetal and medical which when added to the pre, peri 
and post natal conditions likely to lead to brain 
injury make up an imposing list. One is lead to ask 
how do so many survive conception, birth and 'their 
early environment? It seems something of a miracle 
that the 'normal1 child exists, and adds credence to 
the view of Knoblock and Pasamanik that we are all 
brain damaged to a greater or lesser degree.
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Prenatal and Paranatal Factors
Strauss and Kephart (1948) report that the
possible causes of brain damage may be listed as:- .
Premature birth.
Ceasarian section.
Dry births.
Precipitate deliveries.
Enclampsia.
Pelvic malformation.
Antepartum haemorrhage.
Anomalies in presentation.
Twisting of the umbilical cord.
The use of forceps. •
Improper use of anaesthetics.
Placenta praevia.
Rhesus incompatibility.
Hereditary defects.
Hormone disturbance.
The above factors have been classified by
Caldwell (1956) into four groups
1. Defects in germ plasm.
2. Deleterious influences or noxious agents 
affecting the embryo, foetus and infant.
3. Birth injuries of all types, chemical 
and mechanical.
4. Postnatal infection or insult.
These factors may be further sub-divided into 
prenatal, natal and postnatal categories.
Prenatal Factors.
Prenatal factors causing congenital malformations 
may act at any time from conception to the onset of 
labour. Such malformations are said to account for 30/£ 
of brain injuries. (Murphy D.P. 1948).
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The percentage of congenital malformations which 
involve the brain is high. Murphy (1948) in 
studying 895 children with congenital malformations 
found 60£o had anomalies of the Central Nervous 
System. These congenital defects are either' due to 
genetic effects or to very poor injurious conditions 
in utero, the former being termed endogenous, the 
latter exogenous. There is often great difficulty 
in differentiating between the two since they resemble 
each other closely.
The hereditary defects (genetic) are often sex 
linked and usually cause malformation of the Pyramidal 
system and Cerebellum and are either static or progres; 
sive in nature. In the static type of defect the 
anomalies are present at birth and do not increase in 
severity. The progressive type are often not obvious 
at birth, but manifest themselves later, often result­
ing in death.
Prenatal anoxia.
Of all factors likely to cause injury to an 
embryo, anoxia is considered by many to be the most 
important. (Courviile C.B. 1953; Ingalls T.H. 1950; 
Workanay J. 1950.) Oxygen in an adequate supply is 
essential for the normal development and function of
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all tissues and organs, and whilst anoxia for a 
short v;hile might not prove injurious, the effects 
of a long bout are very serious, often resulting • 
in destruction of the entire organism.
Various tissues can tolerate the lack of 
oxygen better than others. The organ that is most 
sensitive to anoxia is the brain. There is, how­
ever, some difference of opinion as to the effects 
that anoxia has on the brain, for Potter E.(l952) 
states: -
"The effect of anoxia on an infant during 
neonatal or foetal life who subsequently 
survives is difficult to determine. The 
only changes ordinarily ascribed to anoxia 
are cerebral and it is usually impossible 
to be certain that other changes in the 
Central Nervous System such as gross 
haemorrhage or malformations may not have
been co-existent and responsible for the
major symptoms".
The problem as stated seems to be one of 
accurate diagnosis rather than cause, for many 
authors feel that anoxia is one of the chief mechan­
isms through which other injurious factors such as 
haemorrhage operate to produce brain injury. ' It should 
be mentioned, however, that injury due to anoxia may be
the result of carbon dioxide poisoning and not just an
oxygen deficiency.
Blood vessels, like other tissues require oxygen 
if they are to function normally, therefore, if a
serious lack of oxygen occurs, the lining of the 
capillary walls may be damaged, especially in 
premature babies whose vessels are not as strong 
as full term babies. The result is that the 
vessels rupture and blood seeps through. The degree 
of haemorrhage depends on the severity of the anoxia. 
Such seeping of blood is most common in the small 
blood vessels of the brain on the outer surface, and 
Is termed subarachnoid haemorrhage. In this case, 
blood tends to accumulate in the fissures of the 
brain, but sometimes there is a seepage from the brain 
tissue itself, and this is termed Pretechial haemorrhage. 
Whenever bleeding occurs, the pressure causes injury 
in adjacent areas with consequent anoxia and thus a 
vicious cycle is set up. The resulting clinical 
syndrome depends on the extent of the bleeding, and 
the part of the brain which is injured in conjunction 
with the developmental status and general condition 
of the baby. It would seem obvious that varying 
degrees of anoxia and resulting damage, are possible, 
and it is with the minimally impaired, those who may 
escape detection at birth or soon after, that this work 
is concerned.
The following pages will consider the factors 
which could affect the oxygen supply and the utilization 
of the necessary agents of development.
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Virus Infection
Because a virus is so small, it depends on the 
cells for its nourishment, and multiplies within the 
cells themselves, resulting in either malfunction or 
death of the cell. With this pattern of existence 
viruses can pass.all around the body in the blood; 
thus, if infection occurs early in pregnancy the 
virus may enter the blood, cross the placenta and 
Settle in the foetus. The virus may then cause the 
death of the foetus or may just localise in certain 
tissues and damage sensitive cells causing specific 
defects. On the other hand, the virus may cross late 
and invade the tissues of the foetus, resulting in 
the birth of the child with the same clinical features 
as the mother, i.e., Smallpox and Chickenpox.
The virus infections which could cause damage
are: -
Penumonia.
Colds.
Polio.
Encaphalitus.
. Rubella.
Chickenpox.
Smallpox.
Mumps• .
Measles .
* Influenza
* Rubella is perhaps the most dangerous of the 
virus infections and causes marked defects if con­
tracted during the first 24 weeks of pregnancy when.
59
organ differentiation of the cells is at its height. 
After this- period the infection seems to have little 
or no effect on the foetus.
The Rhesus Factor
Human blood is grouped into four main categories - 
A, AB, B, C. - In-addition about 85% of humans have a 
rhesus factor which permits the blood to be agglutinated 
by an anti rhesus serum. These people are termed Rh 
positive, and those without the Rh factor Rh negative.
The population is considered in three groups: -
1. Monozygous Rh Positive. Rh.Rh
2. Heterozygous Rh Positive. Rh.rh.
3. Monozygous Rh Negative. rh.rh.
The Rh positive factor is the dominant one.
There is some concern when the mother of a child 
is rh- and the father Rh+. The likelihood is that the 
child will be Rh+, in which case there will be an 
incompatibility of blood groups, and the mother forms 
antibodies against the other group. Usually in the 
first pregnancy there are insufficient of these anti-, 
bodies formed to harm the child. With each successive 
pregnancy, however, the numbers increase with the 
result that the foetal blood has too many to cope with 
and the antibodies destroy the blood and exhaust the 
blood forming organs; thus, when the infant is born, 
many of the blood cells are immature (erythroblasts ) 
and the condition known as Erythroblastosis is evident.
6o
The child is often born with, or soon develops, 
anaemia and usually, Jaundice. The Jaundice may 
involve the brain in which case the condition is 
known as Kernicterus.
It has been suggested by Weiner A (1946) and 
Zeulzer W.W (1950) that there is no positive 
correlation between the severity of the signs of 
Erythroblastosis during the neonatal period and 
the occurrence later of neurological sequelae, there­
fore, both to save infant lives and to prevent neuro­
logical after effects, Weiner concludes that all 
babies with seriologically proved Erythroblastosis 
due to Rh sensitization should be treated immediately 
after birth with an exchange transfusion,.of rh- blood. 
Toxaemia of Pregnancy
Pre Eclampsia is characterised by the appearance 
in the second half'of pregnancy of three signs:-
1. Oedema or excessive weight.
2. Hypertension - increased blood pressure.
3. Albuminuria - a condition characterised 
by the presence in the urine of various 
proteins. Usually a sign of Kidney 
disorder.
The condition of Pre Eclampsia leads to a placental 
insufficiency, and this causes an impairment of the 
nutritional supply of the foetus, producing amongst 
other things, smaller babies.
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There is a drop in the production of 
Oestrogen and Progesterone, but an increase in the 
production of Gonatrophin. There is swelling of 
the Kidneys with an accompanying increase in serum 
uric acid, which can cause small cerebellar lesions. 
With the swelling, the efficiency of the glomerual 
filtration drops instead of increasing, and, due to 
this inefficiency there is an increase in fluid and 
salt content. •
Eclampsia is characterised by similar conditions 
but accompanied by convulsions of an epileptic type.
Both Eclampsia and Pre Eclampsia lead to a great 
increase in the amount of albumen and other toxic 
chemicals so that the total non protein nitrogen, 
creatinine uric acid and urea levels in the blood are 
raised.
The foetus may suffer in one of two ways as a 
result of the above conditions. It may die or become 
damaged in utero at any stage of the condition, or it 
may die or become damaged if birth is induced prema­
turely for reasons of maternal safety.
The total foetal loss has been calculated at 
12%; made up by 1% deaths in utero, 2% inter natal 
deaths, mainly caused by asphyxiation; 3% deaths 
after delivery. '
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C limate and Foetal Damage
Knobioch H and Passamanick B (1959) carried out 
some extensive research into the effect of climate on 
the foetus, and their findings proved worthy of note.
They found that children born in the winter 
months stood a greater risk of damage in utero, and 
for a cause they hypothesised that during the third 
month when development was at its height the foetus 
was affected by a reduction in the maternal protein 
due to heat or by stress on the hypothalamus, pituita 
and cortical systems. They also found that there was 
a higher proportion of pregnancy complications for 
those winter births and that the hotter the summer, 
the more mental defectives.
On the subject of dietary care, Link (1949) has 
written: -
"Since few women adjust their diet early 
in pregnancy and many suffer from nausea 
and breathlessness, the burden of supoor- 
ting the foetus falls largely on the 
nutritional state at conception".
he continues:-
"Increase in maternal tissues during the 
last phase of pregnancy and storage of 
nitrogen, calcium, and phosphorous in 
preparation for lactation add to the need.
There has been found to be a high incidence 
of toxaemia, which has been shown in at 
least a large proportion of cases to be due 
to a dietary inadequacy of protein".
Emotional Disturbance
The .idea that psychological factors or events 
producing emotional stress in the mother can harm 
the unborn child still meets with some resistance, 
yet the marked changes in the incidence of certain 
types of human malformation in war time and during 
other times of stress seems to support it. It 
bears noting that the results of any emotional 
disturbance are perhaps of a second order - emotional 
stress in the mother will produce conditions in the 
mother that will produce in turn, disturbances in 
the child.
A number of studies by Eichman and Gesenius 
(1952) in Germany showed a marked increase in mal­
formations during the war years. Fig. 1 shows 
the pattern of malformations during the post war years 
based on the records of 55 hospitals in and around 
Berlin.
During the pre-war years the mean was 1.43/1,000 
births, it doubled the year Hitler came to power. 
During the war years it was 2.6 and reached 6.5 for 
the years 1945/50. Employment and nutrition were 
better during the pre-war and early war years, which 
leads to the theory that mental stresses from persecu­
tion and violence, and later bombing were responsible.
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In Britain, an indication of a similar trend 
can be seen from the statistics on the incidence 
per 1,000 births of infant deaths within one month 
of birth, the causes of which are given as malforma­
tion. Fig. 1 shows how the peak for both male and 
female death's is .during the period 1940-42 when 
emotional stress was great. During this time, with 
rationing and full employment the dietary standard 
was probably higher than in pre-war years.
In a 1965 study, Stott examined the incidence 
of mongol births related to emotional shock, his 
criterion being whether or not the event experienced 
by the mother would have been likely to produce severe 
emotional upsets in women of normal temperament. He 
found that the incidence of accidents were spread 
throughout the term and thus mongol type delivery 
could not be due to injury alone. This lead him to 
believe that shock or stress caused a hormone distur­
bance which in turn lead to certain defects or defic­
iencies .
Strengthening the argument that stress and 
emotional shock could affect the development of the 
foetus, Kebanov (1948) found that the incidence of 
mongol births was eight times greater than normal in 
Jewish women just released from prison camps. It must 
be argued however that the dietary conditions were 
hardly conducive to normal deliveries.
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Stott (1962) suras up the complexities of this
problem in. his paper and states: -
11 The. whole aetiology is complicated by the 
fact that only a very few abnormal embryos 
develop to foetal maturity, and by the 
ignorance of the process of weeding out.
Hertig (1953) found that of 36 embryos 
examined upon hysterectomy, 36% were abnormal 
comoared with an observed malformation rate 
of 1%.
The process by which these non-viable foetuses 
are expelled or re-absorbed is probably a 
hormonal one. It is noteworthy that Woolarn 
and Miller (i960) succeeded in reducing the 
incidence of hare-lip in a istrain of rats who 
produce such spontaneously by administering 
Thyroxine. Since the effect on the latter 
was also to significantly to reduce the 
fertility rate it may also have been that this 
hormone aids in the weeding out of imperfect 
embryos. It may be speculatively suggested as 
an additional possible alternative that severe 
emotional shock, by disturbing endocrine balance, 
interferes with the mechanism possibly hormonal, 
through which the weeding out is implemented; in 
other words, but for these shocks the mongol 
children would never have been born11.
Causative factors of Birth Injuries
Prematurity
Prematurity is probably one of the chief pre­
disposing factors if not a direct cause of brain injury.
In various studies on children with Cerebral Palsy, the 
following percentages were found to have been premature 
babies: -
Lillienfield (1953) 22%
Greenspan (1953) 33%
j Dunsdon (1952) 35%.
The above figures compare with a national average of 1%.
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A child is considered to be premature if 
its birth weight is 2,500 grrns., or less, and 
the incidence varies between 4 - 10% depending, 
according to Drillien (1957), upon the social and 
economic status of the mother. He lists the three 
main causes as Pre Eclampsic Toxaemia - 36%,
Placenta Praevia - 15%, and Hypertension - 17%.
The possible causes of,damage accompanying 
prematurity are headed by disorders of the pulmonary 
aeration system accounting for about 66% of deaths. 
(Donald 1958). The infants lungs and chest muscles 
are weak, and thus the moist cohesion of the alveolar 
walls cannot be overcome. This, coupled with the 
resistance of lung tissue to expansion often leads to 
Broncho Pneumonia; the child cannot cough and the 
failure to expel foreign material leads to sepsis.
The effect of the asphyxia so caused is Sub Serosal 
haemorrhages in the heart and lungs, Pia Arachnoid 
and Cerebral Vesicles.
Cerebral haemorrhage also occurs as a result of 
the softness of the skull lending little or ho prot­
ection, allowing too rapid and dangerous a degree of 
moulding, thus causing pressure on the vein of Galen.
The capillaries and veins are fragile and do 
not stand the engorgement of even minor degrees of
asphyxia, leading to massive intra ventricular
haemorrhage, characteristic lesions and possible
rupture of the floor of the lateral ventricles.
Anaemia is a common condition in prematurity,
for large doses of iron are usually laid down in
the last v/eeks of pregnancy. With regard to this
condition, Donald (1958) states
“Jaundice follows, leading to Kernicterus, 
and even lower levels of this in the 
premature infants brain-may be responsible 
for the lowering of intelligence and the 
impairment of performance.”
In a survey by Knobloch (1956) it is indicated 
that there is an overall likelihood of neurological 
abnormality of 8% in premature babies as against 
1.6 in mature controls, the proportion tending to be 
inversely proportional to the weight.
Placenta Praevia
Normally a placenta is situated in the upper 
segment of the uterus, but with this condition it is 
situated in various positions in the lower segment; 
this might be due to the ovum being embedded lower 
down in the uterine cavity.
It seems that little is known of the aetiology 
of the low implantation of the placenta, but it occurs 
more often-in multiple rather than single pregnancies 
with an incidence of roughly 1 in 80.
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There is a continuum from partial to complete 
Placenta Praevia in which the placenta passes right 
over the internal os., to cover a large area of the 
lower segment all round the opening of the Cervix.
(Fig.2  ) Obviously with this condition there is 
likely to be rupture of the placenta and haemorrhage 
constituting a real danger, both to mother and foetus.
The main causes of injury to the .foetus are inter 
uterine asphyxia, due to placental separation, and due 
to hypertension in the mother. The hazards of delivery 
are increased for there is often mal-presentation of the 
infant who is anyway prone to inter cranial haemorrhage. 
Precipitate Labour.
Unusually rapid labour may be due to .either too 
frequent or too powerful contractions of the uterus, or 
to a .lower uterine segment that dilates with unusual 
ease. The vigorous contractions are not necessarily 
associated with pain and so the patient may be in labour 
for some timeWithout realising it.
The dangers of precipitate labour are the obvious 
injury to the foetus or rupture of the umbilical cord 
if the patient is not prone when, delivered. The rapid 
expulsion.of the head may result in tentorial tearing 
with inter cranial haemorrhage and frequent violent 
uterine contractions, with only short intervals of 
relaxation may lead to degrees of asphyxia.
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Pelvic deformity
Deformities in the pelvis can be considered 
as those due to disease, disease in one of the 
lower limbs in childhood, congenital defects or 
those due to abnormalities of the spine.
Rickets often leads to a flattening of the 
pelvic opening,Whilst other causative factors are 
Polio, Tuberculous Arthritis of the hip and congenital 
dislbCation of the hip. Abnormalities of the spine 
such as Scoliosis often lead to assymetry of the pelvis. 
Caldwell & Malloy (1956) defined the four main types of 
pelvic shape as: -
Gynaecoid, Android, Platypeloid,
Anthropoid. •
ANOMALIES IN PRESENTATION 
Breech Presentation
A breech, pres'entation is favoured by anything 
which prevents the head from engaging in the pelvic 
outlet:- contracted pelvis, placenta praevia, an 
excess of liquor amnii, hydroencephally, prematurity 
or twin pregnancy. If the usual attitude of flexion 
of the lower limbs is maintained, the presenting part 
consists of buttocks and feet, the position being 
described as a Fully Flexed Breech and is the commonest 
in multigravidae. If while the thighs remain flexed 
on the trunk, the legs are extended at the knee joint,
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the presenting part consists of the buttocks only, 
a position most common in primagravidae and termed 
Extended Legs or Frank Breech. If the legs remain 
flexed but the thighs extend, the knees present, and 
if both legs and thighs extend then the feet present, 
both the latter presentations being rare.
There are many other anomalies of presentation 
concerning the upper half of the body. Occasionally 
a shoulder will present, with -various degrees of mal- 
presentation. The head sometimes appears facing the 
wrong way, and this is termed a Brow Presentation.
The normal course of pregnancy sees the foetus 
turning a somersault at about the 34th week of develop­
ment. The anomalies arise when this movement is preven­
ted or impeded.
It is more dangerous for the baby to be born breech 
first than by the n'ormal vertex position for it may die 
from asphyxia, due to the head being delivered too 
slowly. Directly the head enters the pelvic brim the 
cord is obstructed between the head and the brim, whilst 
the baby cannot breath itself until the mouth and nose 
are delivered.
By far the most common injury and cause of death 
is due to inter cranial haemorrhage caused by the head 
being delivered too quickly. In the normal vertex
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delivery the head takes hours to pass through the 
bony pelvis and has plenty of time to accommodate 
itself to the rigid canal;- moreover, passing 
through the pelvic floor and the vulva, the 
pressures all the time tend to draw the cranial 
vault away, from the base of the skull; this in 
turn leads to a tear in the tentorium and is the 
primary cause of haemorrhaging.
Forceos Deliveries •
Forceps are used in deliveries where there is 
delay in the second stage of labour which is the 
passage of the baby's head through the birth canal 
and into the world and where there are indications of 
foetal asphyxia or any adverse maternal indications.
Delay is most often due to inefficient contrac­
tions of the uterus, abnormal resistance of the pelvic 
floor or to abnormal presentation of the child.
Maternal indications are often the sole reason 
for forceps and it is thought better to deliver the 
foetus than to let the mother become exhausted in the 
second stage of labour. In normal women an indication 
to deliver by forceps is if the head's progress ceases 
or if delivery has not occurred two hours after complete 
dilation of the Cervix. In special cases it is thought 
that any easy forceps delivery will do less harm than 
a prolonged second stage.
The technique of applying the forcep to the
head of the foetus and inducing traction is
extremely critical for increase in pressure on the
skull and extension of the spinal cord during rota­
tion can have serious repercussions such as inter 
cranial haemorrhage, and tentorial tearing of the 
pia arachnoid tissue. There is also the ever 
present danger in high forceps deliveries that the 
forceps will trap the cord, thus denuding the foetus 
of the placental blood supply. w
There is also the danger that in manipulating 
the presenting limbs to facilitate an easier birth, 
the nerve plexus might be damaged, resulting in loss 
or impairment of limb control.
Caesarian Section.
A Caesarian Section consists of removal of the
foetus from the uterus by an incision through the wall
of the uterus and is performed either in the upper 
(Classical) or lower segment.
It is normally performed if certain indications 
are present:- extreme disproportion, i.e., if gross 
pelvic contraction exists; Antepartum Haemorrhage, 
with Placenta Praevia if the conditions are suitable. 
Caesarian Section is nearly always the choice if other
simple procedures are ineffective.
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Often malpresentation can be dealt with in some 
other way, but in the case'of a shoulder, brow 
or face presentation Caesarian Section seems to 
be. favoured.
Other conditions leading to a section are:- 
extreme delay in dilation of the Cervix, uterine 
inertia, prolapse of the cord, foetal anoxia and 
serious illness of the mother. •
The risks to the baby are from the operation 
itself, and are largely those of anaesthesia and 
asphyxia due to the administration of anaesthetics 
to the mother and the resultant maternal asphyxia 
being passed to the foetus.
The damage risk is increased in prematurity, 
since often the operation is performed before term, 
when the organs and tissues are not fully developed, 
thus, rapid pressure changes can lead to haemorrhages. 
The lungs are not fully developed and thus respiratory 
difficulties become evident.
Twin Pregnancies
Twin pregnancies are said to be a factor in 
predisposing brain, injury, and the second born child 
is thought to be more likely to be affected. The first 
part of the statement seems to be unquestioned, but the 
latter has not been confirmed in more recent studies.
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Potter (1952) found that the mortality rate for the 
first and second born twins, if one excludes the long 
dead macerated foetus, which are usually second born, 
were equal.
Among a hundred cases selected at random, at 
Lennox Hill C.P. Clinic, Greenspan and Deaver (1953) 
found.6 representatives of pairs of twins, compared 
with a general incidence of one pair of twins- in every 
85 deliveries. Most twin pregnancies are premature, 
so prematurity, rather than twin pregnancies might be 
the important causative factor in the high mortality.
Complications of pregnancy particularly Pre 
Eclampsia, Post Partum Haemorrhage or an excess of 
Liquor Amnii are more frequently found in twins than 
in single pregnancies. Pre Eclamptic toxaemia occurred 
in 25% of twin pregnancies in Chicago compared with 8% 
in single pregnancies. Malformation incompatible with 
life were found to be slightly higher in twin than in 
single pregnancies.
SUMMARY
Normal labour involves considerable pressure of 
the foetal head and probably in many cases slight inter 
cranial damage, as indicated by the presence of Red 
blood cells in.the cerebro spinal fluid in a proportion 
of newly born infants. It is not surprising, therefore,
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that serious inter cranial injury rnay result from 
excessive or otherwise abnormal presentations or 
contracted pelvis.
The most serious inter crania.l birth injuries 
are tears in the Dura involving rupture of import­
ant venous sinuses. As Holland (1961) has pointed 
out the most important aetiological factor is exces­
sive longitudinal stress leading to abnormal tension 
on the falx which is anchored postero inferiority to 
the Tentorium, as a result of which the Tentorium 
may be torn, or the cerebral vein ruptered. In Holland* 
series of 167 fresh foetuses the tentorium was torn 
in 81 (48?o) and the Falx in 5, sub-dural haemorrhages 
occurring in all but five.
Over-riding of the parietal bones may lead to 
rupture of the Superior Sagittal sinus or of one or 
more of its venous tributaries with the production of 
a Supra Cortical Subdural haemorrhage which is usually 
confined to one side.
Abnormal longitudinal stress is more likely to 
appear in Breech presentations which are more likely 
to be frought with special danger for the child. In 
such presentations moreover the thorax, is likely to 
be subjected to considerable pressure, thus leading 
to inter cranial venous congestion, oedema and
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petechial haemorrhages. Prematurity seems to 
predispose to intracranial haemorrhage, probably 
due to'the intracranial vessels being more delicate. 
The Schultze method of resuscitation has been blamed 
for du-r.al tears. False Proencephaly may be a result 
of Supra Cortical haemorrhage and it is possible that 
some cases of hydrocephalus may be late sequels of 
intracranial birth injury. ■
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The possible effect of Pre and Para natal brain damage on 
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The Possible Effect of Pre and Para Natal Brain 
Damage on Motor Ability. __   ;____ ___ ____ _
When considering brain disorders as they
affect motor ability one is considering a clinical
syndrome known as Cerebral Palsy. As Perlstein
(1950) says: -
"Cerebral Palsy is a term used to designate 
any paralysis, weakness or inco-ordination, 
or functional abberation of the motor system 
resulting from brain injury. Lesions in 
different parts of the brain produce different 
symptoms of motor dysfunction. Five common 
types have been identified; Spastic, Athetoid 
Rigidity, Ataxic, Tremor. In addition many 
sub-types especially of the Athetoids have bee 
described.”
It is well at this stage to indicate that the 
disorders to be described are gross cases of such 
conditions. The cases that most educationalists are 
likely to meet are obviously the mild forms of such 
conditions. This aspect is appreciated by Knoblock 
and Passamanik (1959), they state:-
’ "SipcJie, prematurity and complications of 
pregnancy are associated with foetal and 
neo natal death, usually on the basis of 
injury to the brain, there must remain a 
fraction so injured who do not die..... 
Depending on the degree and location of 
the damage, the survivors may develop a 
series of disorders” . .
The classification of Cerebral Palsy has two 
main forms, that of the condition and that of the 
topography of the disorder.
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Spasticity
The neuromuscular condition that characterises 
Spasticity is an increase in the stretch reflex,' • In ^ 
addition there is an increase in the muscle tone of 
the spastic muscles and a weakness in those muscles 
in opposition to it.
It is usually possible for the individual to 
move the affected muscle voluntarily, but the motion 
may be explosive, jerky, slow or poorly performed.
The muscle itself is normal unless the prolonged 
contraction against weak or flaccid opposing muscles 
has caused permanent contracture. (Perlstein 1961).
Because of the hyper-active stretch reflexes 
and slow contraction time, the movements of the spastic 
are poorly co-ordinated. The tendency for the anti 
gravity muscles to maintain a estate of contraction, 
and for the antagonists to lengthen correspondingly, 
produces characteristic flexion deformities, particularly 
in the large joints. There is a small group of children 
called Atonic Spastics whose characteristic is muscular 
weakness rather than spasticity.
It appears that this exaggerated stretch reflex 
is associated with upper motor neuron lesions.
Athetosis.
Bilateral Athetosis
This condition rnay.be congenital, when it may be 
due to the “etat marbre” of the Corpus Stratum, or to
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the involvement of this part of the brain in 
Atrophic Sclerocis, when symptoms- of Cortico Spinal 
tract degeneration may co-exist with the involuntary 
movements.
The common factor according to Murphy (1948) 
is the Status marmoratus, a disorder of the glial j
formation leading to hypermyelination involving to 
varying degree the Cortex, Basal Ganglia and other 
structures.
Unilateral Athetosis
This may also be congenital, being then usually 
associated with infantile Hemiplegia. There is 
necrosis of the third Cortical layer of the Pecent^al 
Gyrus, atrophy of the Thalamus and effects on the 
Striatum.
Unilateral Athetosis rnay’ also occur as a result 
of focal lesions involving the corpus Striatum, at any 
age. The muscles innervated by the cranial nerves are 
more seriously affected in Bilateral than in Unilateral 
Athetosis. In the upper Limbs the peripheral segments 
exhibit the involuntary movements to a greater extent 
than the Proximal segments. The characteristic posture 
of the hand is one of marked flexion of the wrist with 
flexion at the metacarpophalangeal and extension at the 
interphalangeal joints.
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The posture is disturbed by slow writhing 
movements of flexion and extension at the wrist 
and metacarpophalangeal joint. Except in the 
milder cases the movement completely interferes 
with the functioning of the limb.
The movements of the lower limb are usually 
less severe than the upper and are most marked in 
the distal segments.
Athetonic movements are always exaggerated by 
attempts to move the limbs': in voluntary movements 
and by excitement or nervousness.
Chorea.
This is an acute toxic ineffective disorder of 
the nervous system usually due to acute rheumatism, 
occurring in childhood and adolescence, being charac­
terised by involuntary movements. Apart from rheumatism 
the causes could be Scarlet Fever and Diphtheria, whilst 
Choreiform movements may be a symptom of Encaphalitus or 
a complication of Chicken Pox.
Heredity may play some part in the aetiology 
since some families appear to be unusually susceptible 
to rheumatism and there may be a family history of 
either Chorea or rheumatic manifestation.
Left handedness is also associated with Chorea. 
There is a much larger incidence of Chorea sufferers
84
who are left handed than in the general population, 
and even when the patient is not left handed, 
members.of his family may be. This does not assume, 
however, that left handedness need necessarily be a 
disadvantage.
Over work at school may be a predisposing 
factor and it is not uncommon for the onset of an 
attack to be associated with fright.
The involuntary movements are of a high order 
and semi purposive with eyes rolling and bizarre 
movements of the tongue and mouth. In the upper 
limbs, movements occur at all joints. Respiration is
■ ' r- .
often jerky and frequently impeded by movements which 
are accentuated from effort or excitement. They dis­
appear with sleep and thus have no deforming effect. 
Ataxia.
The ataxic!s muscles are normal although there 
may at times be some weakness. There is no spasticity 
or involuntary motions and reflexes are normal. The 
distinguishing characteristic of the Ataxic is the 
disturbance of the equilibrium. • His righting reflex 
is diminished ana his sense of position in space is 
disturbed. Often the condition is not noticed until 
the child begins to walk.
A
It is thought that as the Cerebellum-is•involved 
in various phases of synergic muscle action and
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Cerebellar lesions affect the regularity of muscle 
action, then it is the damage to.the Cerebellum 
that cause Ataxia.
Tremor.
The muscles of the Tremor type of Cerebral 
Palsy are normal.in tone and there are no abnormal 
reflexes. The distinguishing neuromuscular charac­
teristic is repetitive rhythmic involuntary contrac­
tions of flexor and extensor muscles. The tremors 
may be intentional or unintentional and differ from 
the athetoid in being fine and rhythmic. Tremors 
in the lower extremities may throw the person off 
balance,--whilst tremors in the upper extremities 
interfere with hand skills, often with fine movements 
such as writing. The Tremor type does not develop 
any deformity and again the Cerebellum is thought to 
be responsible.
Rigidity. ■ ■ ,
The distinguishing neuromuscular characteristic 
of Rigidity is a resistance to flexion and extension 
movements, resulting from simultaneous contraction of 
both the agonist and antagonist muscle groups. Attempts 
to move a limb are often described as like trying to 
bend a lead pipe. The rigidity can be constant or 
intermittent, the former leading to deformities.
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Because of the simultaneous contraction of both 
agonists and antagonists, the person is' only 
capable of slow movements within a restricted 
range (Deaver 1952 ).
Mixed •
Some of the conditions described singly are 
present in the presence of others. Spastics for 
example may be found to have Some weak, non-spastic 
muscles or even normal muscles.
Classification according to Topography
Cerebral Palsy may also be defined according 
to the location and number of limbs involved. The 
three most common classifications are Hemiplegia, 
Paraplegia and ^uadraplegia.
In Paraplegia the legs only are involved, and 
the condition is rarely found In any but spastic cases.
In -^uadraplegia or Tetra Plegia both arms and 
both legs are involved, but involvement of the legs is 
more severe in spastics although the Quadrapiegia 
might be an Athetoid tremor or rigidity type.
In Triplegia, the extremities, both the legs and 
one arm are involved. Such cases are usually spastic,
■ s' . ' ' •
and may be combinations of Hemiplegia and Paraplegia. 
Hemiplegia
Congenital hemiplegia is rare • There is a 
history of difficult labour in a. large proportion of
such cases and the commonest cause is probably 
a vascular lesion occurring during birth. This 
may be due to a fall in systemic blood pressure, 
arterial compression owing to displacement of the 
contents in the cranial vault and obstruction of 
the great cerebral vein. Less often it rnay be due 
to congenital cerebral deformity.
Congenital double hemiplegia is distinguished 
from congenital diplegia by the more severe affection 
of the upper limbs.
Hemiplegia may also occur as a result of acute
•infective disorders such as : -
Whooping cough, Measles, Scarlet Fever, 
Diptheria, Small Pox, Chicken Pox, Dysentry 
Mumps and others. .
Athetosis may occur on one side of the body 
and there is a tendency for growth to be delayed on 
the involved side, depending on how early the illness 
began.
Congenital Diplegia
This term is now used to describe a group of 
cases characterised by bilateral and symmetrical 
disturbances of motility which are present from birth 
and which subsequently remain stationary or show an 
improvement. Though commonly the lesion involves 
chiefly the Cortico Spiral tract causing weakness and
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spasticity which are most conspicuous in the lower 
limbs, mental defect, involuntary movements and 
Ataxia may be present in association with spastic 
. weakness or as the sole manifestation of the 
Cerebral lesion.
Pathological investigations seem to support 
the .view that the arrest of development or the onset 
of degeneration occurs in utero. The commonest 
[ pathological finding is characterised by a symmetrical 
atrophy of both cerebral hemispheres with the destruc- • 
tion of nerve cells and glial proliferation. The 
condition has been described as one of neuroglial over­
growth associated with degeneration of the neurones, a 
process affecting primarily the deeper layers of the 
cortex and spreading to the underlying white matter and 
to the superficial layers of the cortex.
The symptoms depend.on the area and region affected 
but include mental deficiency, spastic weakness, involun­
tary movements and cerebellar deficiency.
Lesions of Specific Areas 
Cortico Soinal Tract
A vascular lesion of the Cortico spinal tract 
results in loss of impairment of certain functions, e.g 
voluntary movement and muscular hypertonia and extensor 
plantar reflex. These are probably manifestations of the
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activity in other intact parts of the nervous 
system which have been released or escaped from 
control as a result of the damage to the fibres 
destroyed.
Since the Cortico spinal fibres carry impulses 
which excite voluntary movements the negative signs -
of a cortico spinal lesion consist of impairment or
loss of such movement. •
In the limbs the finer and more skilled movements
suffer more than the gross and unskilled. Hence move­
ments of the toes and fingers are weaker than the move­
ments of the proximal joints.
After a slight lesion, clumsiness in carrying 
out fine movements (sewing, etc.) is more evident than 
weakness. There is difficulty in moving the thumb in 
isolation - Wartenberg’s Sign., If a normal individual 
is made to flex the terminal phalanges of his fingers 
against the resistance offered by the observer’s fingers 
similarly flexed, his thumb remains adducted and extended * 
After a cortico spinals lesion the thumb becomes strongly 
adducted and flexed.
After a cortico spinal lesion movements tend to be 
unconfined and the iirnb moves as a whole.
Movements of tension tend to be stronger than 
those of extension in the upper limb, whilst the opposite 
holds for the lower.
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The gait is characterised by the hemiplegic 
in that the paralysed limb is circumducted and 
swing'outwards■at the hip to obviate the difficulty 
arising from the inability to flex it at the knee.
The fo'ot is plantar flexed, thus the toe tends to 
drag.
Lesions in the Medulla
Many varieties of crossed hemiplegia have 
been described as a result of unilateral medullary 
lesions. A lesion near the mid line will involve 
the cortico spinal fibres to the limbs above their 
decussation together with the fibres of the Hypoglossal 
nerve causing unilateral paralysis of half of the tongue 
with crossed hemiplegia of the limbs to which: loss of 
postural sensitivity in the paralysed limbs may be added.
Vascular lesions in the 'mid line of the medulla 
may involve both cortico spinal tracts leading to quad- 
riplegia with unilateral paralysis of the tongue.
Lesions of the Cerebellum
One of the first signs is dysmetria where the 
range of movement is inadequate to the objective. 
Sometimes the harmonious synthesis of movements at 
different joints is lost, leading to the phenomena of 
“decomposition of movement1* . When a movement involves 
the whole arm instead of it occurring to an appropriate
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extent at all joints simultaneously, one joint is 
moved before another.
V/ith an unilateral cerebellar lesion the 
shoulder on the affected side is often held at a 
lower level than the shoulder on the normal side 
and there may be .scoliosis with the concavity to­
wards the affected side. In standing the weight 
is thrown on the sound leg and the body is partially 
rotated.
Tremor develops if the patient attempts to hold 
the lirnb in a fixed position, probably owing to 
hypotonia of the agonists producing irregular contrac­
tions .
There is an inability to carry out alternative 
movements with rapidity and regularity, i.e. pronating 
and supinating the forearms. This condition is 
referred to as Adiadockinesis.
There is a likelihood of the ,fcRebound Phenomena1*. 
If a normal person is asked to flex the elbow against 
a resistance which is suddenly removed, the action of. 
the triceps will soon halt the movement. In cases of 
Cerebellar lesion there is no such stoppage and the 
patient may even hit himself.
The normal associated movements which accompany 
strong voluntary effort are exaggerated. .
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The patient tends to stagger to the affected 
side. If made to walk around a chair towards the 
affected side, he falls into the chair. If to the 
normal side, he is seen to move away in a spiral.
Usually the affected limb is atoxic.
Spastic Hemiplegia is the most common syndrome 
constituting about a half of all cases of spasticity, 
and one third of the total Cerebral Palsy population. 
Perlstein and Hood (1954).
According to Perlstein (Op. Cit. ) there seems 
to be a relationship between a few of the aetiological 
factors and neurological sequelae. He has observed . 
that Athetoids frequently have a history of anoxia, 
Rhesus incompatability or Breech delivery. .
Spastics, on the other hand, seem to have a higher 
than chance relationship to a history of prematurity, 
toxaemia of pregnancy, maternal Rubella, precipitate, 
breech or Caesarian delivery.
Rigidity often seems to follow anoxia, precipitate 
or Caesarian delivery.
Since anoxia or haemorrhage may be the mechanism 
by which many of these conditions cause cerebral inj­
ury, it is seen that in some instances- one aetiological 
factor is said to be associated with more than one 
sequelae.
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The following table ( l# ) attempts to 
summarise the most common conditions, the associated 
history and behavioural characteristics.
A report by Link (1949) indicated that in a 
group of children with Cerebral Palsy a high propor­
tion had been delivered by forceps, and that the 
athetoids had been breech presentations, or delivered 
by version or extraction.
Caldwell (1956) implies that the relationship 
in the charts do not imply an inevitable clear cut 
cause and effect sequence, but the frequency with which 
these occur in Cerebral Palsy cases 'would' tend to favour 
such a relationship.
It is noticeable also that few, if any, facilities 
exist either in schools for the identification and 
appropriate re-education of children with specific motor' 
impairment. It would seem that there is a need, for 
Colleges of Education to include in their courses an 
appreciation of the problems of impairment.
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CONDITIONS AND BEHAVIOURAL CHARACTERISTICS OF IMPAIRMENT.
History Common Neurological Behaviour Characteristics
Sequelae_____
acenta Praevia Athetosis 
and Abrupto.
Exagerated attempts to 
move the limbs. Excitement, 
nervousness. Hand and Wrist 
flexion. Slow writing 
movements of flexion and 
extension at the wrist.
Rhesus Factor and Athetosis and paralysis 
Kernicterus of supravergence.
Breech Delivery. Athetosis.
Inter cranial haemorrhage 
Spastic paraplegia.
Prematurity. Spastic paraplegia.
Toxaemia of pregnancy Spastic hemiplegia
Quadriplegia
Birth trauma Spastic hemiplegia
Quadriplegia
Maternal Rubella Spasticity
Auditory aphasia
Explosive, jerky, slow Or 
poorly performed movements 
in the limbs affected.
Poor co-ordination
Precipitate or Tentorial tearing 
Caesarian delivery Intercranial haemorrhage
Spastic quadriplegia
Ataxia
Rigidity.
Jerky, explosive, slow or 
poorly co-ordinated 
movement•
Disturbance in equilibrium 
Resistance to flexion
TABLE 1
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LCHAPTER 4
f'AOTOR ABILITY OF BRAIN DAMAGED CHILDREN
Factors related to the motor ability of brain damaged 
children.
Learning difficulties of children with minimal brain 
damage.
Disturbances in perception.
Disturbances in visual-motor function.
Behavioural characteristics associated with disturbances 
in perception.
Distractability
Disinhibition
Perseveration
Other factors relating to motor performance
Skeletal muscular co-ordination. 
Height and weight.
Sex differences.
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MOTOR ABILITY OF BRAIN DAMAGED CHILDREN
Factors related to the motor ability of brain 
damaged children*________;_____ [___________ ____
It is generally accepted that some degree of
intellectual handicap, general or specific or both is
usually associated with cerebral palsy and brain damage.
It would seem reasonable to assume that minimal brain
•damage would carry its own associated risk of intellectual
impairment. There has been much work published on this
aspect of brain damaged children, and Malpass (1961) in a
review of seven fairly recent studies observed:-
11 As anyone who has observed low-grademental 
defectives can testify, the former do not 
perform as well as normals in motor skills.
Individuals in the lower I.Q. ranges do not
demonstrate as much co-ordination, precision 
and speed of reaction as normals. This is true 
in such everyday.activities as walking and running, 
articulation of movements in dressing and eating, or 
manipulation of work implements. It is also true for 
more precise tasks such as disc assembly and the like.
On the other hand, studies of high grade defectives
.and normals are not so equivocal in their results, and 
many visitors to classes for educable mentally handi­
capped children or sheltered workshops for potentially 
employed retardates are surprised at the motor profi­
ciency of many of these people.M
Other surveys which deal with intellectual and 
psychological aspects of impairment include those of Dunsdon 
(1952), Floyer (1955.) Cruikshand and Raus (1955 ), Schonell 
(1956) and Terman (1926). Mittler (1970) in reviewing the 
work of some of the above studies, presents a table of their 
results showing a fairly clear picture of impairment asso­
ciated with low I.Q. Table 2,
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Other Factors relating to Motor Performance
A variety of factors are related to motor performance. 
Biological, psychological and cultural considerations 
contribute to the response tendencies of all types. As 
mentioned, there is evidence to suggest that genetic 
factors, damage to the central nervous system, sensory 
motor dysfunction, delayed maturation and lack of appropriate 
stimulation may all interfere with the acquisition and main­
tenance of motor skills.
For the purpose of this section the following aetiolo­
gical considerations will be dealt with: heredity; skeletal
muscular co-ordination; sex differences; height arid weight.
The psychological effects of defects are many; as has 
been mentioned already, competence in motor skills is an • 
important social consideration in the development of the 
child, consequently, any physical defect will first of all 
constitute an objective handicap and secondly a subjective 
handicap in terms of motivation or reputation amongst his 
peers (Hanley, 1951; and Walker, 1962).
Perhaps more important than the objective handicap 
associated with physical defects is the social disadvantage 
at which they place the affected individual. Richardson, 
Goodman, Hastorf and Dornbusch (1961) have researched this 
aspect of impairment and their findings are worthy of note. 
Children prefer drawings of five different physical handicaps,
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and the absence of handicap in the following order
No physical handicap 
A child with crutches 
A child in a wheelchair 
A child with an amputation 
A child with slight facial disfigurement 
An obese child
Richardson & Royce (1968) concluded that physical 
handicap is a more powerful cue in establishing preference 
■than skin colour. The isolation of a clumsy or impaired 
child among his class peers would seem, therefore, to be 
more than a possibility.
Heredity
Individual variations in motor skills are easily* 
observable. That heredity contributes to such variations, 
either primarily or secondarily, seems irrefutable * although 
the extent and nature of the contribution is speculative. 
McNemar (1933) and Brody (1937) studied the responses of 
dyzygotic twins and monozygotic twins. As might be expected, 
both types of twins showed fewer differences than did pairs 
of unrelated subjects matched for age and sex. Further, there 
is no consistent effect of practice on the degree of difference 
in motor performance between the types of twins.
Investigations of mental defectives relating genetic 
factors and motor skills have been reported, but genetic 
factors per. se. have not been investigated. Strauss and 
Lehtinen (1948) provided criteria for distinguishing exogenous
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and endogenous brain injured children, and several studies 
have differentiated between familial, and organic defective j' 
groups, A fundamental question in these studies concerns 
the basis for classification. It is possible that many 
objects once considered to be determined by developmental 
anomalies or attributed to *unknown causes* may turn out to 
be genetically determined. This has already been demonstrated 
for mongolism and pheny-pyruvic- oligophrenia for example, 
Moller (1961) has reported that between 1958 and 1961 some 
twenty such defects have been related to chromosomal 
imbalances due to mutations or other hereditary faults.
In general then, heredity undoubtedly plays some part
in determining motor proficiency, and has been related to •
specific types of motor disability. Malpass (1961) reports:-
HFor the most motor characteristics it is 
probably the interaction between genetic 
developmental and stimulus reinforcement 
conditions which determines the level of 
proficiency that is demonstrated.11
Skeletal muscular co-ordination.
It must be obvious to all that any degree of damage to 
the skeletal or muscular structure of the individual will 
result in a corresponding drop in the performance of motor 
tasks. Compensation for slight injury or damage does, of 
course, take place, and the drop in motor ability will perhaps 
not be readily observable.
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The most-interesting line of approach in this field 
must be the research into the motor skills of mental 
defectives and the degree of incidence of low motor perform­
ance and skeletal muscular deformities. Malpass (1961) 
reports:-
"Low grade defectives are known to have a higher 
incidence of skeletal deformities and a lower 
level of general co-ordination than normals/1
Tredgold (1956) epitomizes the views of most clinical 
investigators in his general description of muscular co-ordina­
tion in institutionalised defectives.
“In persons with even the mildest degree of 
amentia, co-ordination is often acquired with 
difficulty and remains imperfect; and although 
many of them may learn to use their hands with . 
a considerable amount of dexterity, the balance 
and movement of the body often continues clumsy
and ungainly Even the best of them (with
a few remarkable exceptions) rarely attain to the 
precision and neatness of movement of which an 
ordinary well trained person is capable.“
This observation seems at variance with those of
Sherman (1945) and others, who claim that moderately
retarded children can learn simple sensory motor activities
as quickly and efficiently as normal children. Tredgold’s
sweeping statement is probably based principally on clinical
observations of defectives. Studies in the United States of
non-institutionalised as well as institutionalised subjects
suggest caution in accepting his conclusion. Kreezer (1935),
for example, found no difference between retardates and
normals in motor chronaxy in the biceps, although mental
1Q2
defectives fell' below normals in 9C?£ of joint movements. 
(Glanville and Kreezer 1937). Many moderately retarded 
individuals do not demonstrate -observable motor defect 
to the degree suggested by Tredgold.
An important consideration in evaluating motor 
proficiency is the complexity of muscular performance 
required in a task, in conjunction with the co-ordination 
of one or several sensory fields. Although most measures 
of motor ability are based on such considerations few 
investigators have been concerned with analysis of the 
specific factors involved.
Height and Wei a L U  ■.
Other variables influencing motor ability and motor, 
performance development are those related to height and 
weight. The' contributions of height and weight, while worthy 
of note, are not of such a marked influence on motor ability 
as for example intelligence and maturation.
•It is true that advancing height may bring activities 
within the range of a child at an earlier age if he or she 
grows quickly, e.g. a boy may become more successful at 
basketball earlier if he is tall.
There seems to be little evidence to show that .large 
increases in height have ill effects*on the motor performance 
of children. Asmussen and Heeboll-Melseflk (1956) showed that
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most of their work in which motor activity was involved:-
"indicated that with increasing height, the 
muscular strength increased more than would 
be expected from anatomical growth,11
and it was assumed that a maturation of the neuro-muscular
system which allowed a better muscular co-ordination was
responsible for this rapid increase in muscular strength,
Asmussen’s study went on to say that
1 as it might be expected that this maturation 
was related to age and developed more or less 
independently of the anatomical growth, it was 
decided to divide each height class according 
to age into an older and younger group and by 
comparing their records, see to what extent age 
per se influenced the capacity for maximum 
exertion. In general it may be stated that the 
older children in a height class surpass the 
younger group in all the functional tests used. .
In purely anatomical measures, however, there 
was no difference to be seen, e.g. in body 
proportions or weight-height relationships.”
Sex differences.
In considering the effect of sex on motor ability it
may be said that in the early formative years the sex of a
child.has little major effect on its motor performance.
Young girls may learn to dress a doll, but young boys learn
parallel items of finger and manual dexterity if not the same.
As the age of the child increases, so does the effect
of sex on performance. (Baldwin (1921) and Kawahara (1963)
state that boys are stronger than girls at all ages, but
the difference only becomes significant during adolescence.
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Gutteridge (1939) and Jenkins (1930) state that 
throughout childhood boys are superior to girls in most 
gross motor skills such as climbing, jumping, sliding 
and kicking, but that pre school girls are superior in 
tricycling, hopping, bouncing and catching,
Goodenough (1935) concluded that under conditions 
of relatively equal opportunity for practice, sex differences 
in fine motor skills and sensori-motor learning tend to be 
small, statistically unreliable and inconsistent in direction 
for most laboratory tasks.
The cultural environment of the child and sex typing
of games may account for differences in strength and gross
motor skills during childhood. The findings of Ausabel
(1954) and Assmussen and Heelbollnfjielsenfe (1956) are worthy
of note. Ausabel found that boys were superior in height,
weight, limb length, and shoulder breadth, giving them the
advantage of greater leverage; whereas Assmussen found
that the linear body proportions in growing girls were nearly
the same as those of boys, and like these, changed relatively
slightly during the ages seven to sixteen years.
Learning Difficulties of children -
with minimal brain damage.________
The performances of brain damaged children on 
psychological tests that have been used by Werner (1944), 
Wechsler (1949), Benton (194-5)* Cruikshank (1951),
1C5
Bender (194-5)» ■Kephart (1965 ), and others, have revealed 
certain characteristic disabilities which are believed to 
handicap the learning process.- These are represented by 
deviations in the standard of performance which is generally 
below that of a normal child.
A brain damaged child may show disturbances in 
perception, concept formation, and emotional behaviour, 
either separately or in combination. The perceptive and 
conceptual deviations have been associated with the following 
behavioural characteristics : -
distractibility, perseveration, and disinhibition, 
together with associated disturbances in visual, 
auditory, and tactile perception.
Kolburne (1965) has referred to these disturbances 
as a syndrome characteristic of children with minimal brain 
damage. Even though the neurological signs of brain injury 
are not seen to be present, and the electroencephalogram 
tracings (E.E.G) are often negative, he reported that,
’nearly all the mildly brain injured children have most of 
these characteristics to a greater or lesser degree*. He 
emphasised, however, that many of these children may have 
average or even superior intelligence,-while others, depending 
upon the nature of their difficulties are, ’retarded both 
educationally and socially.*
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A summary of some of the major works concerning 
the learning difficulties of brain damaged children was 
edited by Birch (1964), Schulman et al (1965) who 
reported that the only behaviour attribute which signifi­
cantly characterised brain damaged children was distract- 
ibility. The problems associated with distractibility, 
perseveration and disinhibition will be dealt with later 
in this chapter.
Disturbances in perception.
Perception has been described by Strauss and Lehtinen
(1948) as being:-
"The mental process which gives particular 
meaning and significance to a given sensation."'
They regarded this process as an intermediate between
sensation and thought (concept formation). Perception is
concerned mainly with the organisation of sensory stimuli,
and so one speaks of visual, tactile, auditory and kin-
aesthetic perception.
At this stage, before any detailed discussion takes 
place, the early work of Hebb (1949) regarding the organisa 
tion of sensory stimuli is worthy of note. As long ago as 
1949, with little neurological support he suggested the 
formation of cell assemblies that Morris & Whiting (1971) 
describe as:-
"hypothetical reverberating systems within the brain
107
and which Hebb (1966) described as:- ...
“ a diffuse structure comprising cells in the 
cortex and diencephalon (and also perhaps in 
the basal ganglia of the cerebrum) capable of 
. acting briefly as a closed system, delivering 
facilitation to other such systems and usually 
having a specific motor facilitation1*
It would seem that Eysenk (1967) agrees with this definition 
in his description of two cortico reticular loops.
The importance of maintaining these neural structures, 
so essential for early learning and also for learning in 
later life, is stressed by Hebb (1966); he points out the 
very great importance of early experience in maintaining 
these circuits, and proposes sensory stimulation in the early 
environment. This concept it seems is appreciated by Doman 
and Delacato in their programmes on re-education for brain 
damaged children.
In terms of the Gestalt psychology, perception can 
be described as having two aspects. The first is the 
psychological process in which part of a ‘whole* is seen or 
heard or felt in relationship to the other parts. The whole 
consists of the integration of all of the parts into a unique 
entity, which represents more than their mere summation. In 
normal perceptual activity the fwhole! or object is immedia­
tely recognised and acquires meaning and significance. The 
sight of a common object such as a chair is recognised at a 
glance without any detailed examination of its composite 
parts•
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The brain damaged child however, is often more
attracted to the details of any object and may have
difficulty,in perceiving their relationship with each other
and with the whole. In this case, the whole is seen more
as a collection of parts rather than something unique with
qualities of its own. This characteristic was observed by
Strauss and Kephart (1955) in the test performance of a
number of brain injured children. They stated
11 They are able to perceive the parts’ but do not 
combine them adequately into wholes. Thus in 
drawing a square they are apt to leave the corners 
unconnected. The lines are independent of one 
another and independent of the whole."
The second area of perception concerns the recognition 
of a ’whole* as a foreground figure against, a background. In 
normal perception one selects only those impressions which are 
regarded as imoortant and meaningfull from a wide field of 
sensory stimuli. One selects the figure as foreground and - 
ignores all other impressions as background. When the 
impressions are confusing there is often a constant fluctua­
tion between figure and ground*. The figure of the vase and 
profiles of Rubin (Fig 2 ), as drawn in reversible perspective
FIG. 2
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is one in which .one's perception of the whole is 
constantly fluctuating between the recognition of the 
vase and of the face profiles on each side.
Psychological tests have been devised to reflect 
disturbances in the perceptual activity that may relate 
to some of the difficulties that certain children encounter 
in the learning process (particularly in relation to the 
acquisition of visual motor skills). Commonly used tests 
have been those which require•a child to identify or 
reproduce various geometric designs. Simple shapes are 
presented against a structured background (Fig. 3 ), or 
embedded with other shapes into a patterned figure (Fig..4 ).
FIG; 3 FIG. 4 * FIG. 4
Isolated Embedded
Figure Figure
Many brain damaged children have.had difficulty in 
recalling the original shapes either by copying, matching, 
or visualising them.. The difficulties are seen to increase 
as the patterning of the background becomes more involved. 
When a familiar object is presented diagramatically with a
11°
structured background, (Fig.5 ) the brain damaged child
appears to have more difficulty than a normal child in 
identifying the object.
This observation was recorded by Miller and Rosenfeld 
(1952).in. a study with cerebral palsied children. They 
stated that the ’lack of ability* to recall such forms was 
evident even though some of the children appeared to have 
the necessary co-ordination and mental ability to do so.
In everyday learning situations, it is necessary not
only to obtain clear recognition of an object but also to
perceive its significance and relationship to other relevant
foreground objects in the sensory field. In this connection
Strauss and Lehtinen (1947) found that some brain damaged
children are more likely to associate objects because of some
irrelevant detail, such as objects of similar colour, than
are normal children. They have acknowledged the relevance
of these disturbances in perceptual activity to the learning
process in the following statement:-
”If. the cerebral palsied child has handicaps in the 
sensory and perceptual fields or is mentally retarded, 
it would appear naturally to follow that he would have 
handicaps in the more advanced stages of thinking owing 
to retardation in the. earlier stages of learning or to 
obsence of basic skills, such as ability to perceive 
objects in correct relationship.11 .
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Tansley and Gulliford (1962), working with mentally 
retarded children at a residential E.S.N. School in 
Birmingham, have drawn similar conclusions. They reported 
that many of the children were slower to classify and to 
see which things belonged together, and had difficulty in 
appreciating how known facts could be applied to new situa­
tions . They concluded that this was responsible for the 
fact that the children were seen to be ’poor at problem 
solving, comprehension work, and making generalisations.’
Wolff (1946) has been reported by Cardwell (1956) to 
have described this difficulty as a confusion in concept 
formation in which, ’the facts he knows are isolated facts, 
not organised as to their proper context.* This characteristic 
is symbolic of what Cruikshank (1951) has called ’Dissocia­
tion.’ It represents the inability of some brain damaged 
children to organise various aspects of a situation into 
significant and co-ordinated groups. It is a perceptual 
disability that can be seen in the performance of some children 
in tests such as the ’Block Design’ (Wechsler 1949). When 
they attempt to assemble the test material into a given pattern 
they often achieve groupings which are haphazard and meaning­
less .
In a review of perception related to impairment,
Morris & Whiting (1971) deal with the problem in two ways - 
passive receptors in terms of the sense organs themselves and
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the sense being considered as perceptual systems.
They explore the areas of selective attention, feedback, 
filtering and arousal, and it is clear that failure in 
any of these areas will produce a perceptual style that 
may manifest itself in motor impairment.
Disturbances in visual-motor function.
Normal visuo-motor function depends upon the effective 
performances of a chain-like process involving sensory imput, 
perceptual organisation, the conceptual activity of the . 
translatory and integrating processes, and executive or 
effector reactions. An integral part of any effective motor 
response is the feedback or servo-mechanisms which monitor 
the action and relay any erros back through propriorceptors 
or special senses to the C.N.S. A weakness or fault in any ' 
link of this chain can cause defective performance.
Reynell (1970) in discussing visuo motor and allied handicaps' 
outlines the sequence as follows:-
Vision Visual v Central __^ Executive__^ Motor.
^perception 'organisation Aplanning 'function
Strauss and Lehtinen (1947) were responsible for 
arousing much of the interest in this aspect of impairment, 
and Abercrombie (1964) has summarized much of the work to 
that date.
Defects involving sensory imput that have been associa­
ted with motor impairment (Smith. V.H., 1964) can occur in
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the globe itself (e.g congenital cataract) and in the 
visual pathway (e.g hemianopia). These defects can be 
relatively easily recognised by standard opthalmological 
tests. Defects in the othe^..aspects of visuo-motor 
function have been detected, although they are less easily 
identified, by the use of various artificially constructed 
tests. Some of the causes of these defects have been out­
lined by Kinsbourne (1964) as follows:-'
(a ) Disorders in visual perception
‘Faulty reconnaisance: - incomplete or 
halting scanning of an object by eye movements or 
limitations in the amount of visual material that 
can be seen at a glance.1 Disorders in the visual- 
perceptual aspect of visuo-motor function may be 
detected by tests involving the recognition of 
similar objects or diagrams where little or no 
motor performance or thought processes are involved.
If a child cannot see any difference between his poor 
copy and the actual object, he may have a perceptive 
disorder. Such tests as devised by Bender (1938) 
(Visual Motor-Gestalt test), and Benton (1945) (Visual 
Retention test) are believed to be concerned with 
visual perception.
(b) Difficulties in the conceptual activity of the 
translatory and integrating processes.
‘Faulty strategy:- difficulty in translating 
the static visual situation (the object to be copied)
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into a movement sequence which would result 
in an adequate copy.1
Defects in this area of concept formation 
are indicated in a child’s performance in 
certain standard tests such as Koyh’s Block j'
Design and Object Assembly (Wechsler 1949).
A defect in this area, however, is perhaps the 
most difficult to identify. It is assumed that 
if a child is able to perform correctly in 
simple objects or ’models’ at the lower level 
but fails at his own level, he may have diffi­
culty in concept formation.
(c) Disorders in the executive or effector 
reactions._^ _____ __________ .
’Faulty tactics.*
Kinsbourne has associated this type of 
disorder with the visible manifestations of 
clumsiness, as opposed to an inability to co­
ordinate and control the movements. Defects 
in the executive actions are difficult to isolate 
from those of visual perception. They may be 
indicated, however, when a child is asked to 
reproduce an adequate copy of a model (e.g a 
diagram of a simple geometric shape), when little 
or no thought processes are involved.
Impairment of visual motor function may vary in degree 
and in the way in which it is affected by emotional and other
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unique characteristics of the individual.
Kinsbourne (1964) has stated what might be regarded 
as a definition of the clinical manifestations of distur­
bance in visual motor function:-
uChildren deviate from the norms of their age 
and intellectual status in being unable to 
produce an adequate copy of a visually presented 
model.... This failure is sometimes regarded as 
indicating a visuo-motor disorder, or more 
particularly, an eye-hand inco-ordination. The 
presence of this type of distractibility is 
relevant to certain educational skills, especially 
those of learning to write and to draw."
Wedell (1964) hypothesised that a child!s failure 
to copy a pattern might indicate a defect in one or more 
of the component abilities of the perceptual motor function.
In order to identify these abilities he conducted an experi­
ment to study a child’s capacity to copy patterns, and to 
compare children’s performance on different tasks involving 
the same patterns. The tasks were chosen to represent some 
of the component functions of perceptual-motor performance. 
They included matching (an intended measure of visual 
discrimination), tracing (visuo-motor control), copying 
plasticine models (the capacity to reproduce a concrete 
model with a concrete copy), and copying line drawings (the 
capacity to copy a pattern within the conventions of drawing). 
The tests were given to forty-eight children who were between 
the ages of 2% years and 5’4 years. They were selected at 
random from normal nursery and infant schools. Error scores
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were obtained by measuring with a Lap mileometer the 
deviation in their reproductions of the pattern forms 
given in the accompanying figure.
It was found that the variation in standard of 
performance was determined mainly by the type of task, 
secondly by age, and lastly by the patterns themselves.
By the age of 5% years the errors on the tracing and 
matching tasks approached zero. It was therefore assumed 
that by that age children were able to discriminate and 
recognise these patterns visually. The fact that they still 
showed difficulty in reproducing and copying them suggested 
that there were other component abilities of the perceptual 
motor function involved in both of these tests.
In a fairly recent study undertaken in Cambridge, by 
Brenner, Gillman, Zangwill, and Farrel (1967) an attempt 
was made to identify the factors contributing to the distur­
bance's in visuo-motor function. 810 children aged 8 and 9 
years, from a supposedly normal school population were examined, 
by a group method, using a battery of eleven tests. A scoring
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system was devised which reflected the normal range of 
performance and made it possible to examine specific 
areas of disability. The tests that were used were 
classified under three general headings:-
(1) Dexterity (e.g. the use of scissors and 
line tracing between two concentric 
circles ).
(2) Perceptual analysis (e.g. Ghent (1956)
Embedded Figures test, and tests of the 
capacity to discriminate over-lapping 
designs or to isolate figures (Bender 1938).
(3) Constructional skill (e.g. Goodenough (1926),
Draw-a-Man test, drawing simple geometric 
shapes, and Block Design.)
The results showed a high correlation between scores 
on the test battery and verbal I.Q (N.F.E.R* Primary 
Verbal I Test). The results of the study are summarized 
in the table below:-
Table showing the relationship between Total Score and I.Q
I.Q.Class % of Children scoring % of Children scoring
4C$ or less 7C$ or more
116-136 0 50
105-116 2.6 27
95-106 9.4 17
85- 96 14 12
below 85 17 8
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It was recorded that some of the group with I.Q 
below 85, who scored above 7Q%. were retarded in reading 
ability. This was seen to indicate that reading ability 
and visuo-spatial ability as measured on these tests 
were not necessarily related. The inclusion of Block 
Design test and the Draw-a-Man test both of which were 
thought to be correlated with verbal intelligence, was 
believed to be partly responsible for the correlation 
with the test scores.
The significant result of this study is that the 
visuo-motor test battery was successful in identifying 
54, (6.1%) out of a sample of 810 supposedly normal 
children with I.Q. above 90, whose scores deviated more 
than one sixth from the means established for their I.Q 
groups. Their performance suggested a specific developmental 
disability. From the teachers1 assessment they were generally 
characterised as being clumsy in movement or in fine motor 
control, and their school work was found to be poor, particu­
larly in:spelling, handwriting, and arithmetic. One would 
hope that the teachers* assessment was taken very carefully 
in order to avoid teacher bias in reporting on *test 
failures*.
In a follow-up study, an experimental group of 14 
children, whose visuo-motor test scores deviated 20 or 
more from the mean, were matched with a control group, also
119
from the original sample, who had shown no appreciable 
discrepancy between their verbal I.Q’s and test scores.
On the W.I.S.C test the experimental group had a mean 
verbal I.Q of 108.5 and a mean performance I.Q of 94.1.
In the control group the mean verbal I.Q. was 110.1 and 
the mean performance I.Q. was 115.6. Thus the discrepancy 
between verbal and performance I.Q. was 14,4 (V.P) in the 
experimental group and 5.5 (P V) in the control group (the 
difference being significant at the 1% level).
A marked inferiority in the performances of the 
children in the experimental group was also recorded in 
other tests concerned with spatial judgement and manipulative 
skill (e.g. the Bender-Gestalt test (Bender 1938) and the 
Stanford-Binet ’plan-of-search1 subtest (Terman and Merrill 
1937).)
The results of this study have indicated that children 
with visuo-motor handicap may also suffer from disabilities 
associated with learning difficulties. There was also 
evidence of clumsiness or poor motor co-ordination in eleven 
children out of the group of fourteen with visuo-motor 
handicap. From the records of perinatal abnormality in at 
least six cases, it wassuggested that !a minimal grade of 
organic cerebral dysfunction* was the probable cause under­
lying the visuo-motor impairment. The study has shown that 
a percentage of these children may be found struggling and
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misunderstood in ordinary schools. Although they are 
generally recognised as being awkward or clumsy and weak 
in certain subjects, little attempt is made to identify 
the cause of their difficulties, or to devise a programme 
of re-education to suit their special needs.
Behavioural characteristics associated with 
disturbances in perception, and with children 
with minimal brain damage.__________________
Various attributes have been linked with the so 
called "brain damage syndrome” such as distractibility; 
hyperactivity; disinhibition and perseveration. These 
attributes are discussed by many authors including Strauss 
and Lehtinen (1947) Cruikshank &.Raus (1955) and Schonel 
(1956).
Distractibility.
Every activity, whether it is writing, reading, or
kicking a ball, is performed against a background of
extraneous visual, auditory and tactile impressions. The
performance of a normal child in this natural situation
has been concisely summed up by Pedder (1964) who stated:-
"In the normal individual the stimulus 
situation and response possibilities are 
co-ordinated and patterned in such a manner 
that organised rational behaviour or mean­
ingful activity results."
Normal perceptual and conceptual activity is concerned 
with discriminating and largely ignoring those aspects of
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the whole stimulus situation which are not relevant to 
the task in hand, in order that the responses of the 
individual will not be affected by them. This process 
is commonly referred to as Selective attention.1 In 
responding to extraneous visual or auditory stimuli 
one's attention is distracted.
According to Vernon (1962);-
"Fluctuations of attention depend to a 
greater or lesser extent upon conditions 
within the individual himself - general 
health, state of fatigue, interest in 
his task and strength of motivation for 
maintaining attention."
The difficulties that a brain damaged child has in 
selecting and organising -the relevant sensations and in 
disregarding those that are unimportant suggest that he 
is more easily distracted than a normal child. The 
attention of the child may be attracted by an irrelevant 
background detail which the normal child would usually 
disregard. This lack of concern for. the essentials often 
gives the impression of inattentiveness, whereas the child 
may be hypersensitive and extremely attentive to detail.
The child may be unable to concentrate his attention for 
any length of time on a particular object in his environ­
ment.. He is constantly being diverted by everything around 
him, by the activity of others and by normally inconspic­
uous background stimuli. An example of this type of
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behaviour was referred to by Gesell and Amatrude 
(1941):-
11 Such a child not only attends to the 
noise outside but is unable to inhibit 
the impulse to go to the window to 
find it."
Strauss and Kephart (1955) referred to the effect 
of any extraneous.stimulus as bringing about a' ’condition-. 
of momentary disequilibrium' until it has been satisfac­
torily identified. When this has been done attention 
returns to the situation at hand. They have also observed 
that for the brain injured child, this may be a longer 
process for not only are the responses more frequent but 
the distraction has a more disruptive effect on the overall 
concentration on the task in hand.
Floyer (1955) in a psychological study of cerebral 
palsied children in Liverpool, found that the distractibility 
in some cases, even among children who were not educationally 
retarded, was so marked that they were unable to hold their 
attention on any task long enough to achieve even minor 
success. Cruikshank (1951) believed that distractibility 
and the associated short attention span accounted for the 
poor reproduction of the drawings, block patterns, and 
marble board designs that formed the basis of the tests 
that he used with brain injured children. He also observed 
that some of the children showed an inability to concentrate
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their attention upon any one object. Their reaction 
was equally strong to all factors in the immediate 
environment. He referred to his characteristic as 
’forced responsiveness’. It was thought to be related 
to the figure-ground differentiation problem in which 
the background and foreground stimuli were received 
with similar intensity.
Disinhibition. .
The problems of forced responsiveness and distract­
ibility are closely associated with what has been defined 
by Strauss and Kephart (1955 ) as the characteristic of 
’disinhibition.1 The behaviour of a normal child in any 
situation is often the result of a choice that he has made 
between several possible responses. At a conceptual level 
he. is often able to consider and evaluate the consequences 
of his actions and to select the response which he judges 
to be the most suitable. As a result of these decisions 
at a non-overt level, the child has rejected or ’inhibited’ 
certain responses in a choice situation.
The brain damaged child, because of his distractible 
behaviour has difficulty in perceiving the relationships 
between the various impressions of a given situation. His 
assessment of a situation may therefore be inaccurate. He 
may also appear to have difficulty in evaluating the 
consequences of his actions.
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Strauss and Kephart (1955) have discussed the 
possible causes of these difficulties in the following 
statement
“Both perceptually and conceptually he is 
operating on less material at any one time 
than is the normal individual.,... Instead 
of a choice among many responses, he has 
available only one response.“
At times he appears to be unable to avoid what is 
almost a spontaneous or impulsive reaction to certain 
stimuli. Such behaviour is characterised by a greater 
intensity of response. In his reaction to certain stimuli 
and in the accomplishment of a given task, the brain damaged 
child appears to expend far more energy than a normal child.
. In a group situation, behaviour of this nature creates 
a problem because the disinhibited responses are often 
socially disapproved. In addition, they are the unexpected 
reactions which usually attract the most attention. The 
behaviour of an individual within a group is influenced by 
considerations for the other members. The behaviour may be 
regarded as anti-social when these considerations are not 
adequately appreciated.
Perseveration.
The difficulty that certain brain damaged children 
have in shifting their attention from one activity or 
concept to another has been noted by Goldstein (1936),
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Werner (1944-), Strauss and Lehtinen (1948), Cardwell 
(1956), Tansley and Gulliford (1962) and others. It 
has been described as a symptom of neural dysfunction 
that is closely associated with forced responsiveness, 
and referred to as ’perseveration*.
A child may be so absorbed in a particular activity 
that he appears to be oblivious to all other aspects of 
his environment. Goldstein observed that this occurred 
when the child who had achieved a successful response 
tended not only to cling to the original stimulus but also 
to repeat his performance many times. This symptom may be 
readily observed in performance of the W.I.S.C. Object 
Assembly sub test when minor details are repeated at the 
expense of progress to the whole.
This would perhaps explain the apparent paradox 
between a child’s undue fixation occurring after a satis­
factory performance,' and at the same time, his abnormal 
distractibility.
When confronted with a new task, particularly one 
which he finds difficult, he may continue to repeat the 
original performance. Strauss and Werner (1942) found a 
similar response in the performance of several brain injured 
children in tests of Memory for Design. When asked to 
recall the more complicated designs, that were in the form
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of dot patterns on a series of cards, they continually 
reproduced the last design that they had successfully 
remembered. On the more difficult design they made 2C^ 
perseverations in all trials. On the same test a paired 
control group of 18 non brain damaged children made no 
perseverations.
Goldstein (1936) cited the following example of this
in a more conventional learning situation:-
”A child who is writing seems unable to 
initiate a new sequence'of acts and 
repeats the letter he has just completed.”
In Physical Education a child may repeat a well- 
practised movement even after he has been asked to finish 
the activity.
Tansley and Gulliford (1962 ) believed•that this 
tendency to repeat familiar activities helped to provide 
an increased sense of security, and partly accounted for 
the good rote memory which brain injured children often 
showed in their ability to recall numerical tables and 
poems, etc.
In the past, disturbances in behaviour of brain 
damaged children were believed to be the symptoms of 
emotional maladjustment or of academic failure. The perform­
ances of some of these children in certain psychological tests 
however, showed marked deviation in the normal processes of 
perception and concept formation. Disturbances in these
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areas of mental activity have an adverse effect upon the 
learning process. They are reflected in certain charac­
teristic forms of behaviour which have become associated 
with brain damaged children.
In spite of these observations, little attempt 
appears to have been made to understand these peculiar 
difficulties and to produce an educational programme to 
suit the special needs of these children. When they are 
not seen to be impaired it is often assumed that there is 
no reason why their educational progress should be any 
different from that of a normal child. For this reason it 
is possible that many children who may have obscure and 
varied disabilities as a result of minimal brain damage are 
struggling with an inappropriate education.' The need exists 
for a programme of re-education that is adapted to the 
individual capabilities of these children, and designed to 
help them overcome their special problems.
Reynell (1970) appreciates this point and observes:-
"Manipulation of the environment, such as the 
provision of mechanical aids, may be enough 
to allow children without brain involvement to 
learn normally, but children with cerebral 
palsy and hydrencephalus will probably need more 
• help, such as special teaching methods geared to 
their particular level and range of handicap.11
Reynell also attempts to simplify the rather complex
picture of impairment by presenting a table of handicaps and
associated factors given in the accompanying table 3.
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.CHAPTER 5
The development of tests of motor impairment
The development of the Stott Test of motor 
impairment
The development of tests based upon the 
characteristic of motor impersistence
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THE DEVELOPMENT OF TESTS OF MOTOR IMPAIRMENT
' In Europe the interest in diagnostic testing 
for motor impairment was stimulated by Homburger 
(1923) whose outline of age-motor development 
revealed the mechanisms of separate movements, but 
whose differential motor diagnosis was still based 
on observation only. From this interest at least 
three published motor scales emerged, being
The scale published by Oseretzky (1923) 
Yarmolenkos developments. Yarmolenko (1933) 
Van der Lugt (1939)
The most relevant and detailed study of the subject 
was initiated by the Russian, Oseretzky (1923) and 
subsequent developments appear very much related to 
his original work as part of a chain of progressive 
research and development of the subject.
The Oseretzky tests, first published in 1923 
from the Psychoneurological Clinic in Moscow, were 
designed to aid in a very broad diagnosis of 
neurological and motor deficiency. The initial 
research was prompted by clinical observations of 
children who were of normal or above normal I.Q., 
who showed striking deficiency in motor performance 
up to a point which was described as "motor idiocy".
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Oseretzky believed that such deficiency could 
have marked- social and/or clinical implications, 
and observed -
f,It is conceivable that a child 
could be making poor adjustment 
from a social and personality 
point of view because of motor 
awkwardness."
His test in fact was intended to be a useful
measure of the severity of this awkwardness in
order to assist the teacher in-developing an
effective remedial programme to help the child
improve his physical performance.
The initial standardisation of this Motor 
Development Scale of 1923 consisted of 410 children 
(195 boys and 215 girls) with the exclusion of 
children with somatic or neurological defects. In 
1925 however, a further attempt to standardise the 
items of his test w'as made with a control group of 
1500 normal and 200 psychotic nervous and psychopathic 
children. Attempts were made to calculate the !motor 
age1 of a child on the same principle as the Binet 
Scale. From the results of a childfs performance at 
successive age levels, his grade of motor deficiency 
was calculated on the following basis.
Light. l-lr^ years below chronological age. 
Medium. T/-3 " " " M
Great. 3-5 " " " "
Idiocy. Below 5 " " "
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The test was later modified by Oseretzky for 
use wi-th adults in *Polytechnical situations* 
(vocational guidance) and in determining certain 
education assignments. This modification was 
used a year later by Gurewitch M. (1926) in an 
attempt to Correlate variations of motor functions 
with Kretschmers somatic physiological types.
Six basic motor components were used in the 
original metric scale. Additional items were later 
added in order to extend the range of the test 
further to assist in determining the appropriate 
educational assignment for clinical cases of motor 
deficiency.
To the following list of original items have 
been added Vandenberg*s (1964) assessment of the 
origin of their innervation and control.
1. MOTOR SPEED.
ua complex combination of tempo (under the 
control of the striate mechanisms and 
activated by frontal thalamic systems), 
the innervation“denervation cycle (stryo- 
cerebellar systems ) and the degree of 
development of automatised motor responses 
(localised in the cortex). All these are 
under the control of the higher cortical 
centres.
2. .SIMULTANEOUS VOLUNTARY MOVEMENTS - with 
precision of movements.
"dependent on the highest motoric cortical 
centres".
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3. STATIC CO-ORDINATION. - associated with 
static balance.
“it. presumes the intactness of the 
cerebellar systems and the vestibular 
and other sensory appreciations connected 
with the cerebellum1’ .
4. DYNAMIC CO-ORDINATION. - Later included 
manual dexterity. • •
5. GENERAL CO-ORDINATION.
Both this and the item of dynamic co-ordination 
are concerned with balance and control of the 
body in movement. Gurewitch, the director of 
the Psychoneurological-Clinic in Moscow 
considered this component to be under the 
control of all motoric systems of the brain 
but particularly of the frontal cerebellar 
mechanisms.
6. SYNKINESIA. - Surplus associated movements.
ttdependent on the highest motoric cortical 
centres’* .
In order to extend the range of the test, the following 
items were added.
* 7. Rhythmic ability.
* 8. Motor strength.
9. Formulation of motor formulas.
10. Speed of mental set.
11. Automatised motor action.
12. Orientation in space.
"13* Regulation of innervation and denervation.
14. Automatic defence reactions.
*These items were later found to be unsuitable for 
successive year by year grading in the metric scale
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since few reliable tests of them were devised, 
and others•required complex apparatus.
' ’ o
From further studies by Kernal (1928) with 
children aged between 4 and 14 ye.ars, it was 
observed that the motor performances of boys and 
girls were ' alike.up to the age of 8 years. After 
the age of 8 it was found that two different 
scales were necessary in order to accommodate the 
varying types of performance. This assumption was 
based upon the impressions of the investigators who 
were asked to make descriptive notes during the 
subjects performance. They observed that the 
performance of girls was quicker and more rhythmic 
than that of boys, and that boys were stronger and 
more co-ordinated in the voluntary simultaneous 
movements. It was also observed that no significant 
relationship existed between motor and mental 
development as measured by the Terman tests, in 
children of average or above average intelligence. 
With children known to be mentally retarded, however, 
a correlation of 0.7 between motor and intelligence 
quotients was computed; although it was noted that 
the tests may not have been appropriate for the more 
severe cases. This difficulty is explained by 
Lasner R. (1948) as follows
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1 True motor performance had to be distinguished 
from the physical impossibility of executing a 
.task • as a consequence of a pathological state of 
the muscular system,.or of bodily deformat ion*M
Similar difficulties were encountered by Oseretzky N, 
and Payova E (1934/5 ) when they used the test to 
investigate the motor capacity of children with known 
defects and diseases which included cases of polio­
myelitis and defective peripheral-appreciation. Their 
results appeared sufficiently informative as to enable 
them to draw conclusions regarding the pathology of 
the diseases.
In spite of the extensive use of the test in 
nine European countries, none of the researches referred 
to are reported to have included sufficient’data or 
experimental evidence to satisfy any great claims of
reliability and validity.
Van der Lugt M. (1939) used the test and revised 
the psychomotor profile to give a metric study of 
manual ability. This revision, although used in several 
French speaking countries was not translated into English 
until twenty years later. At this time Juarros C .(1939) 
was experimenting with the test in Spain and a note of 
interest is that he 'recognised that the test was 
exceedingly lengthy to administer and as such could be 
of little use to the clinician or teacher. He revised 
the items so that they could be administered as a group
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test, and enumerated the obvious practical value of 
such tests in the physical education of normal 
children. Van der Lugt made similar observations as 
a result of her work with the test and recorded; that 
individual tests appeared to have been selected some­
what indiscriminately as regards both their diagnostic 
significance and any allowance for sex differences.
In addition to the lengthy and complicated administrative 
procedure caused by the large number of tests and rather 
vague instructions, she observed that performances at 
certain times was almost certainly influenced by the 
practice conditions afforded by certain environments. 
Similar shortcomings of the test were noted-by Yarmolenko 
(1933), a colleague of Oseretzky and an important figure 
in the Russian movement. She states:-
flIt is not enough to say that a childrs motor 
co-efficient 'is normal for his chronological 
age, or that he surpassed it. The data must 
be analysed” .
This point is taken up many years later by Herbert 
(1964) when discussing the difficulties of testing for 
brain damage, he puts the situation neatly by stating 
that a label without implications is useless.
Yarmolenko found the diagnostic possibilities 
inadequate for her research and so devised her own 
motor scale based on the more fundamental elements of 
” life essential movements” such as walking, grasping, 
striking, relaying objects and throwing a ball etc.
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These movements were analysed into objective 
components in order that the speed, strength and 
exactness of a movement could be scored. On a 
profile the individual was then scored according 
to his deviations from the norms of his age and sex.
A child was regarded as normal if all points were 
contained between + and - 10*
Speed was scored by the amount of time taken 
to complete a given task, while exactness (accuracy) 
was measured by the number of mistakes. Motor 
endurance (static and dynamic) strength and the average 
work tempo and its variations were also measured.
Nine test items were used under the headings of 
the following five components of basic movement.
1. Speed and exactness.
(i) Walking. A. Along a straight line.
B. Along the outline of a circle
• C. Along the outline of a square
(ii) Grasping and relaying objects, (the work of 
^ the upper extremities.
(iii) Lying down and getting up. (Whole body)
2. Exactness of throwing a ball.
3. Strength.
(i) Distance of long jump, (standing)
(ii)- Blow of an arm (a suspended football filled
with sand to a weight of 2 kilos was punched
with the fist, and the degree of swing was 
recorded.
(iii) Heaviest weight that could be carried.
138
4. Motor endurance.
. (i )• Static, (the length of time a subject
could stand motionless with the arms 
extended horizontally).
(ii) Dynamic, (the number of times the 
subject could jump on one leg).
5. Average tempo of work. (jumping) and its tempo 
fluctuations expressed in a graphic curve.
The tests were given as a group experiment to 
four or five children at a time. • By this method it 
was intended to keep the conditions as natural as 
possible so that the natural influences of rivalry 
and imitation could take effect. One must view 
sympathetically the difficulties of testing large 
numbers of subjects when the test in use is lengthy 
and time consuming. It is a moot point whether the 
time saved is out-weighed by the possible detrimental 
effects of embarrassment during test performances. 
Yarmolenko was not .the only reasearcher to employ 
group testing, it was attempted previously by Oseretzky 
(1929) a and (1929) b. The time factor involved in the 
use of the tests must be viewed as a serious criticism.
In her standardisation Yarmolenko (1933) 
administered the test to 420 children between the ages 
of 8 - 1 5  years. From the results motor profiles were 
constructed showing the means and standard deviations 
for each measure and for each age and sex; a total of 
14. Thirteen values were used, 3 speed measures, 4 
exactness measures, 3 strength measures, 1 of tempo and 
2 of motor endurance. (Fig 6 )
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MOTOR PROFILES USED BY' YARMOLENKO (1933) T0 COMPARE THE
PERFORMANCE OF THREE SUBJECTS
•H
•H
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m
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V /
Speed, Exactness Strength Endurance
INDOTDUAL MOTOR PROFILES
Profile of an imhecile "boy*
Profile of a normal hoy.
Profile of a motor gifted girl,
FIG. 6
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V/ith this normative data as a basis for 
comparison of individual and group profiles, it 
was claimed that the test enabled one to:-
(i) Determine the level of the childs motor 
development.
(ii) Make the necessary correction and 
development of motor ability through the
•diagnostic use of the profiles.
(iii) Score the actual measurements of such 
improvements.
As a result of her work Yarmolenko criticised
the basic assumption made by Oseretzky that each of
his first seven items or components represented
various motor systems. In Oseretzky’s diagnostic
procedure the efficiency of each systems functioning
was roughly appraised from a similar motor profile,
obtained from each childs1 performance. The profile
was, therefore, seen.to indicate specific strength
or weakness in the area or * systems1 of motor competency.
It must be noted here that these areas were not
empirically defined, and a factor analysis by Vandenburg
(1964) has since failed to establish their independence.
Oseretzky (1930.) had admitted, however, that
discrepancies existed between the relative diagnostic
values of certain items, and some appeared to be
associated with skills already acquired. A point which 
b
Stott (1966) was careful to clarify in his development 
of the test. The method of testing that Oseretzky used
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started the child at his own age level and continued 
at progressive levels upwards and down until two 
successive passes and two successive failures were 
recorded. The total points scored were then 
presumably referred to the standardised metric scale 
and related to chronological age to give a TMotor 
Quotient1 of 'Motorik*.
The number of tests for each item was originally 
so time consuming that in later revision Oseretzky 
(1931) reduced it to five for each of the first six 
items that were then employed. By this revision 
there were, therefore, thirty tests as opposed to 
eighty-five in the original, for each age group, and 
the time factor is reported to have been overcome by 
the method of group testing previously referred to.
It was claimed that twenty to twenty five subjects (12 
to 15 of problem or younger children) could be examined 
simultaneously in forty five minutes for normal, and 
one hour for abnormal children. The validity of this 
method would seem to stand or fall by the accuracy of 
the standardisation of each item for the different age 
groups. Questions may also be raised regarding the 
interraction of children during group testing. One 
could sympathise with the timid or embarrassed (not 
necessarily impaired) child. A child who passed an item 
at his own age level and failed an item one below, 
would receive an inappropriate score. It is assumed
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therefore, that the two successive failures and passes 
would .appea-r in correct consecutive order.
The efforts of Lasner (1948) to obtain the 
original Russian publications through the American- 
Soviet Medical Library were unsuccessful. The only 
French translation of the Oseretzky tests revision 
of 1931 was published in Belgium in 1934. It included 
the scoring systems and the method of calculating the 
motor age of a child. This translation prompted some 
enthusiastic work with the tests at the Mental Hygiene 
Clinic in Brussels by Dec-roly and Bratu (1934). Their 
studies in this field produced definite progress, 
particularly with the introduction of more efficient 
teaching methods for the handicapped. Remedial 
exercise were adapted to the childs motor capacity 
and the effects of fatigue in certain functions were 
studied in detail.
From the French translation, Juarros (1939) 
working in Spain, revised a number of items of the 
Oseretzky test in order to achieve a quicker and more
accurate measure by grouo examination. In his test
/  ‘ •
battery he replaced the test of synkenesis with an 
item of motor strength which he called force, and also 
identified !Manual Co-Ordination* in terms of tests of 
p-recision of movement. His work appears to have been 
concerned with attempts to determine the motor age and
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subsequent physical development of children with
only minor.degrees of motor impairment. In this
connection he believed in the practical value of
these tests in the physical education programme
of normal children from the point of view of :.
identifying the physical characteristics of psychotic
and neurotic children.
Before the English translation, the only
reference in America to the work of Oseretzky came
from the studies of Helene Kopp (1943) in Paris and
New York, with stuttering children. It is interesting
to note that, using the Oseretzky tests taken from the
French translation in Brussels - (Decroly J & Bratu A.E
1934) she found evidence of marked disturbances in the
motor function of these children, and formed the opinion
that stuttering was more of a neurological than
psychological disorder. She noted that:-
’‘even in cases not exhibiting motor retardation, 
analysis of their scores revealed uniform 
deficiency in the maturity of the extrapyramidal 
system, shown by failure in the tests for 
synkinesis, mimicry, rhythm and co-ordination.”
In dealing -with the above functions she observed the
greatest deficiency in the items dealing with-the
synkinetic movements and static co-ordination. Using
Oseretzky’s four broad categories of motor deficiency
she found that 46% of the stuttering children tested
came under the category of ‘motor,, idiot ’ and an
additional 46% recorded failures in items at more 
than one year below their level. She concluded 
that the motor deficiency was part of the same 
condition responsible for this and possibly other 
related speech defects.
The only English translation of the Oseretzky 
Scale was sponsored and edited by Doll E.A. (1946) 
at the Vineland Laboratory in America. The trans­
lation was made by Elizabeth Fosa from Maria Leite 
de Costa's Portugese version published in 1943.
Writing at the time of the translation, Doll stated 
that:-
KThe use of this scale will materially 
facilitate a better understanding of the 
limitations of mentally deficient children 
and adults in respect to motor co-ordination 
and the practical aspects of motor proficiency1 .
In his editorial review, Doll made reference to the
value of the test in the educational field.
uThe educator will need to know the value of 
the childs reactions and their causes, so that 
he may try to train to control and co-ordinate 
his movements, improving with selected exercises 
those which are most deficient in order that the 
child may acquire manual ability, skill, and motor 
equilibrium. It is in this field that the 
■ Oseretzky Tests can provide him with an excellent 
gauge.1
The translation used by Doll is given overleaf. Many 
test items may be recognised from the Stott Test.
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Score-Sheet * No .....
O S E R E T S K Y T E S T S  
Individual Record Blank and Score Sheet
Name.      Sex: M. F.
School....................   Class................
Date  ..... ................... Mental Level.........
Date
of Birth     Motor Level .........
Age........   Motor Retardation....
Motor Acceleration....
Age
1
General
Static
2
Dynamic
Manual
3
Seneral
Dynamic
4
Speed
5
Simul. 
’/lovem ’ t
6
Synkin­
esia
R L R L R L R L R L R L
15 -16
13-14
11-12
10
9
8
7
6
5
4
Motor
Level
*Score-Sheet essentially as used in the Antonio Aurelio da 
Costa Ferreira Institute. (The categories from left to right 
correspond to tests 1-6 at each year. Note that 11 right■ limb’* 
may fce interpreted as ’‘preferred'1-and ’’left” as ’’alternate” , 
and that in the use of alternative limbs the time, trials 
permitted, and other conditions of success are not always 
identical nor always unequivocally stated - EAD.)
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Four Years. ,
1. (To remain) standing; one 
foot advanced; eyes ,
closed...........!...   * 15*1
2. To touch the point of the 
nose, eyes closed........  %
3. To hop in the same place,
feet together 7 times..... 4 511
4. To put 20 coins in a box.. 4 15"
5. To describe circles with 
the index fingers, arms
extended at sides  l4 10”
6. To clasp the hand; right, 
left, both.............
Five Years..
1. To balance on tip-toe..... 4 10"
2. To make a ball 'with silk
(thin) paper.......  4 15" 20"
3. To hop on one foot 5
meters..................   4
4. To roll 2 meters of thread
on a spool    4 12" 18"
5. To put 20 matches in a box, 
one by one, 10 with each
hand...... /........  4 20"
6. To clench and bare the 
teeth .  ........
Six Years.
1. To balance standing on one
leg  V2 10" 10"
2. To throw a ball at a target 
(1.5rn. (distant ))........
3. To jump over a rope (20 cm 
(high)).  ...... ..........  ■ -%
4. To draw (20 r.h and 12 l.h)
perpendicular lines  4 10" 10"
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Six Years (Cont'd)
5. To roll a thread from 
a spool to the index 
finger while walking..
6. To strike a table with 
a mallet..............
Seven Years.
1. To balance on tip-toe 
bending forward from 
the nxps ..............
2. To trace through 2 
mazes ........
3. To walk (a line for)
2 meters placing one 
foot following (a 
seguir) the other.....
4. To distribute 36 cards 
xn 4 pxles............
5. To tap the floor 
alternately with the 
feet .................
6. To knit the eyebrows..
4 15'* 15"
4
4 10"
4 1 * 30" 2 * 30"
^ 30" 40"
■ '4- 15"
Eight Years.
1. To crouch on tip-toe.. % 10"
2. To touch the thumb to 
all the fingers (of
the. same hand)  4 5" 5"
3. To kick a box a
distance of 5 meters .
hopping on one foot... 4
4. To run 5 meters,pick up 
a matchbox make a
square, etc........... 4 15"
5. To tap the floor 
rhythmically with the
feet (alternately), ,
tapping the table with 
the (corresponding. index ) 
fingers in the same
rhythm.      4 20"
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feight Years (Cont * d )
6. To wrinkle the 
head. . •. ........
fore -
Nine Years.
1. To balance standing on
one leg, eyes closed. 10u
2. B(Boys) to throw a '
ball at a target (2.5m
distant).. ...... .
G(Girls) to cut out a
circle............ . l/l ln lf30u
3. B to jump over a rope
(40 c.rn. high).......  %
G to jump clapping the 
hands 3 times........ .
4. To leaf through a book ]A 15" •
5. To tap the floor 
rhythmically with the 
feet alternately, at the 
same time tapping with 
the index fingers of 
both hands (as the right
foot taps the floor)... '/3 20"
6 . While seated to flex 
and extend the feet....
Ten Years.
1. To balance on tip-toe,
eyes closed............ 15"
2. B to cut out a circle.. l/l 1" I130“
G to throw a.ball at a
target, (2.5m distant).
3. B to jump clapping the 
hands 3 times .. ........
G to jump over a rope
40 cm high )...........  %
4. To make 4 piles with
40 matchsticks......... ^ 35u 45’*
5. To tap with both hands. 15”
6 . To close the eyes 
alternately....... .
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Eleven-Twelve Years
1. B to balance on one 
leg, the sole of the , 
other foot against
the knee............. V2 10n 10”
G To balance on tip- -
toe, right (and left)
foot  ..... . ’4 . 10” 10”
2. To catch, with one 
hand, a ball thrown
from 3 meters '
distant.......... r.h 3/5
l.h 2/5
3. B to jump onto a 
chair................
G to jump, touching 
the heels with both 
hands .......... ......
4 . To prick holes....... ^ 35” 45”
5. To prick holes 
simultaneously....... ^ 15”
6 . To open and close the
hands alternately.... 10”
Thirteen-Fourteen Years
1. B to balance on tip-toe,
right (and left) foot.. ^ 10” 10”
G to balance on one leg 
the sole of the other
foot against the knee.. ^ 10” 10”
2. B to balance a rod..... ^ 5” 3”
G to touch the thumb
against the index finger 
of the other hand; 
movements (eyes open,
then closed)..... ..... ^ 10” 10” (sic;
3. B to jump touching the 
heels with both hands.. Vz 
G to jump onto a chair.
4. To tab B r.h 100
l.h 85.....  ... . ...... % . 15” 15”
G r.h 90
l.h.75................. 15” 15”
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Thirteen-Fourteen Years 
(Cont’d )
5. To place 20 coins with 
the left hand and. 20 
rnatch-sticks with the
right hand.....  x4 10"
6. To close the eyes
alternately, 5 times.. ‘ 10”
Fifteen-Sixteen Years.
1. B To balance on one 
leg, the sole of the 
other foot against the
knee, eyes closed..... .!£ 10” 10” (sic)
G To balance on tip­
toe, each foot, eyes
closed   ^ 10” 10”
2. B To touch the thumb 
against the inded finger 
of the other hand; move­
ments; eyes open......  10” (sic)
then, eyes closed  % 10”
G To balance a lod  % 5” 3”
3. To jumo over a rooe;
B 75cm. (high). ..'.....  %
G 65cm. (high)........  %
4. To lie down, run 5
meters, etc... ......... 10”
5. To draw 10 vertical lines 
with the left hand and 10 
crosses with the right
hand......    % ■ 15”
6 . To close one hand and 
bend the other
simultaneously eyes open. 10”
Then, eyes closed.. ^ 10”
** The lower number gives the number of trials 
permitted. The upper number gives the number of 
successes required to pass the test. When these 
numbers differ for right and left limbs, both are 
given - HAD.
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In 1948 and again in 1955 following the 
Vineland translation, Sloan published the Lincoln 
Adaption of the Oseretzky tests from the Lincoln 
State School, Illinois. In the first instance *
only those items were selected that minimised any . 
cultural or sex bias and permitted reliable scoring. 
Sloan also disregarded those that required elaborate 
testing materials and those that were believed to 
have a significant positive correlation with age. In 
all, therefore, only thirty six of the original eighty- 
five tests were retained. From this beginning he 
reviewed the whole administrative structure of the 
scale. Attempts were made to arrange the items in 
order of difficulty and establish at least tentative 
norms for each age group so that a childs performance 
could be represented as a percentile rank in order to 
convert an otherwise meaningless score into a position 
on a scale.
An analysis of the Lincoln Adaption (Sloan 1955) 
showed the homogenous nature of the test. The analysis 
showed a split half reliability co-efficient of .96 
for males and .97 for females, which indicated a 
considerable overlap of items measuring the same 
factors. In view of its limited range one can only 
assume that the test now showed certain limitations 
as a means of identifying the various forms of motor 
impairment. From the evidence of previous studies in
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America, it was, and still is, commonly accepted 
that .motor-skills are relatively specific and 
show low inter-correlations, particularly when 
different parts of the body are involved. This 
view is supported by the work of Perrin (1921), 
who found non significant correlations between:-
• Bogardus fatigue test, (placing cubes on
cubes by rotating 
the arms of a machine)
Card sorting into suits ‘into four boxes.
Co-ordination test, (tracing triangles using
each hand simultaneously)
He also used fourteen 'Elementary Motor Functions' 
tests including reaction time, static and dynamic 
balance, rhythm, arm and leg strength, and -found the 
co-efficients between these tests to be almost with­
out exception, not significant. These conclusions 
are supported by the work of Muscio (1922) and 
Seashore (1930).
A general criticism of the Oseretzky tests and 
its revisions up to this time seems to be that many 
seemed prepared to accept the value of these .tests 
as a’diagnostic aid in determining certain physical 
traits or characteristics of children with known 
neural dysfunction. There is no evidence, however, 
that motor performance tests of this type were used 
for the initial diagnosis or identification of impaired 
function. Then as today, the rail'd cases of motor
153'
impairment were seen to be an effect rather than 
the cause of some form of psychological, social, 
mental or nervous maladjustment. In the absence 
of any assumed causative role, the need for early 
diagnosis and treatment was not realised.
In the Oseretzky original and in the Lincoln 
and other revisions the six items appeared to be 
more descriptive of activities involved in motor 
performance than of actual components of motor 
ability. No claims were made that one test measured 
one factor to the exclusion of any others, this is 
unusual when one considers that the work of Spearman 
in the factor analysis field was well under way by 
this time. It was not until Thams (1955) subjected 
the test to a factor analysis that statistical 
evidence regarding this aspect was forthcoming. The 
results of Thams1 w.ork showed that there were only 
342 out of 1,332 items which correlated more than .28.
It would seem that the six 'components1 of the 
Oseretzky test were chosen to represent the predominant 
and most fundamental areas of motor ability. • For 
example, Oseretzky included tests of throwing a ball 
and fine finger movements as a measure of 'Manual v 
co-ordination1 yet the former involves gross hand/arm - 
eye co-ordination, whereas the latter is now seen to 
be a test of manual dexterity. (Stott 1966).
This discrepancy was observed by Vandenburg (1964) 
who noted that: -
11 All the items of the Oseretzky and 
Lincoln-Oseretzky test appear to 
require the operation of all or most 
of the six components and are not 
singly or primarily dependent upon 
the component they are supposed to 
measure’* .
With this discrepancy in mind, emphasis was placed 
in the Lincoln revision upon the‘developmental scale, 
and maturational and learning.factors were apparently 
allowed to register an important influence on the 
subject’s performance, for the subject’s scores 
increased with age. Using data from a preliminary 
sample, a correlation of total score with age was 
computed as .87 for males and .88 for females. In 
a sense, therefore, these may be regarded as validity 
co-efficients.
Vandenburg (1964) in his analysis of the Lincoln 
Oseretzky test, saw the possibilities of the develop­
mental scale, not only as a predictor of adolescent 
athletic ability, but also for its clinical value in 
assessing the condition of cerebral palsy in ’children, 
he states:-
"It is conceivable - that impaired 
motor performance is the result of a 
common precursor, be this a biochemical 
abnormality or a reduced participation 
in normal ventures and adventures in 
childhood and adolescence. As an 
alternative it is conceivable that the 
impaired motor development contributes to 
mental illness or at least is closer to 
the true cause of it than are measures of 
cognitive skills."
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He observed that the correlation between the 
items were_ generally low, and suggested that the 
nature of the factors measured by the Oseretzky 
test needed further investigation and classification. 
These conclusions were based upon his attempt to fit 
a factor matrix to the hypothesis - one assumes to 
have been considered by Oseretzky - that the items 
should have a high loading on their associated 
components. This ’Pattern Hyp-othesis Varimax’ is 
computed by a rotational method of evolving factors. 
The results showed that only one factor corresponded 
to one of the components proposed by Oseretzky; this 
resembled the ’dynamic co-ordination’ component, 
although it was also noted that it showed loadings 
with items selected by Oseretzky as measures of ’speed 
of movement’ and ’manual co-ordination’* The results 
of his analysis are given below.
NUMBER OF VARIABLES LOADING .3 OR MORE FOR EACH FACTOR
VARIMAX SOLUTION
TESTS FACTORS
Static co-ordination 3
—
1 3 • 4
Manual ” 3 4 ' 2 *5 1 2
Dynamic 11 4
Speed. 7 4 3 2
Simultaneous moves. 42 4 2
Synkinesia. 1 2 1 1
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In a later analysis, Vandenburg used the 
performance scores of 434 subjects that were 
recorded by Carey R.A., Malpass L.F., and 
Wethorford J.W., in an attempt to identify more 
precise factors by both pattern hypothesis 
varimax and an Hquarnax solution. The latter 
method placing the factor at a point where the 
variance of the highest loadings .is near equal, 
by this means, eight factors were * identified! .
Factor 1
!Control Precision1 - Comparable with Fleishman's
(1964) “finely controlled 
muscular adjustments” - seen 
to link - “all items involved 
in rapid use of one or both 
hands in relatively small 
precise movements” .
Items - eg. Sorting 40 matches in
4 boxes. • .62
Coins in a box. .61
Wind a thread. .47
Trace a maze .34
Factor 2
Unfamiliar movements which alternate from right
to left hand’.
Items - eg. . Trace a maze. .52
Number of dots made.
whilst tapping. .33
Factor 3
'A mixture of 1 & 2*.
Items - eg. Balance rod crosswise .52
Touch fingers. .52
Jumping and clapping 
hands. .39
Dotting .35
Coins in a box .33
Winding thread. .32
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Factor 4
’Possibly dynamic co-ordination of whole body* - 
Comparable with Fleishmans 1 gross body 
co-ordination” factor indphysical performance 
tests .
Item, eg.- Catching a ball from
10ft. one hand. .56
Winding thread. .43
Jumping over a rope
16ins high. .35
Throw at a target
8ft away., .31
A similar factor was assumed by Thams (1955) as the 
first of six factors that he extracted in an analysis 
of the thirty six items of the Lincoln Oseretzky 
scale. This factor accounted for 2 ^  of the variance
in the total scale with loadings varying from .702 to
.076.
Factor 5
’High negative loading tempts one to identify 
it as an age factor but correlations of items 
with age are low - from .33 to .08. The factor 
also has a speed aspect*.
Item, eg.- Simultaneous movements -
coin and matches in a box. .41
Crouching on tip toe. .37
Jump to touch heels. .35
Coins in a box. .34
Factor 6
’Control of body movements involving balancing and 
jumping’ (Comparable with Fleishman’s balance factor)
Items, eg.- Balance on tip toe, one
leg raised. .52
Balance on one foot, 
sole against knee. .47
Dotting fifteen sets. .34
Jump to touch heels. .32
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Factor 7
’Almost identical to 6 but some different items
involve'd1 .
Item eg.- Balance one foot, sole
against knee. .46
Crouching on tip toe. .32
Factor 8
fAt least two•of the items here are reminiscent
of neurological tests’
Item eg.- Touching-fingertips in
five sets. .62
Balance one foot, sole 
against knee. .33
. It is interesting to note that Vandenburg found 
the correlations of left and right handed performance, 
although varied (.44 to .89) was sufficiently high to 
suggest that if only the preferred hand was used, the
result would not be seriously affected. The validity
of the Oseretzky tests based on the findings of 
Vandenburg are perhaps best summarised by the following 
table.
Oseretzky Components. Number of loadings above .3
Predicted. Not Predicted.
A. Motor speed 2 4
B. Simultaneous voluntary moves 3 4
C. Static co-ordination 5 10
D . Dynamic (Manual) co-ordin-
ation. 2 11
E. General co-ordination. 2 4
F. Synkinesia. 0 2
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The ’Predicted* column shows the number of items 
in the Lineoln/Oseretzky revision that were found 
to have loadings of above .3 on the components 
that they were intended to measure. The ’Not 
predicted’ column shows the number of items that 
were not intended as a measure of these components.
In 1949, three years after the English 
translation of the Oseretzky tests, work began on 
the Vineland adaptation at The Training School at 
Vineland, New Jersey. Scientific research in the 
measurement of motor aptituded had been progressing 
for many years. Here, the development of the 
’Vineland Maturity Scale’ for social competence 
prompted the desire for a more systemetic measurement 
of motor proficiency from the point of view of 
maturation and development. The translation was made 
mainly in order to use- the Oseretzky scale to complete 
this'work. Research was undertaken in this project by 
Cassell (1949). His revision followed a study of the 
comparisons of currently approved tests of motor 
ability, notably the Iowa revision of the Brace Tests 
(Brace 1927), the Methney/johnson Tests (1938) and 
the Cowan/Bratt ’Hurdle jump test’ (1934) with the 
Lincoln/Oseretzky revision.
Much of Cassell’s studies therefore were based 
on the work of Sloan at Lincoln, and his contribution,
although not so widely published, was nevertheless 
significant in this field. His adaptation 
concentrated more upon simplifying the method of 
administration of the Oseretzky scale than on 
any new concepts of neurological diagnosis. The 
tasks were selected to provide a more objective 
scoring system, and, based upon this criteria all 
tests of synkinesia, known to be difficult to score, 
were omitted. Although the tests were reported by 
Doll (1949) to be a valuable measure capable of 
discriminating between endogenous (caused by familial 
transmission) and exogenous (caused by acquired or 
developmental adversities) mental defectives, no 
standardisation procedure was pursued. The work 
was apparently associated with that of Doll (1946) 
at The Training School who was concerned with the 
general problems of aetiology of brain damage /in* 
children. Previously, the most effective measure of 
the development of motor performance in children used 
by the centre was believed to be the rail walking 
test devised by Heath (1944). Although the form of 
his test appears to be somewhat over-simplified, there 
is no doubt that his work was held in high regard, 
particularly for his conclusions regarding the 
psychological implications of the effects of motor 
disability.
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Amongst his findings Heath (1944) observed 
the conflict between the desire that a motor 
defective shows to reach set standards and his .\ •;'
awareness of poor performance, not only causes 
tension, but may also create an emotional trend 
that is difficult to control. The modified 
performance influenced by the natural feedback of 
!,reflective criticism’* was often seen to be slower 
and even less effective than previous attempts.
It was also noted that attempts to increase the 
speed of reaction often lead to more diffuse and 
inaccurate movements.
Although the Vineland adaptation replaced the 
rail walking test at The Training School, its 
application appears to have followed the same 
restricted usage. Little or no attempt was made to 
apply the test in the diagnosis of any but the known 
cases of neural dysfunction.
It -was not until 1960 that Gollnitz, a German 
neuro-psychiatrist for the first time concentrated 
specifically on the idea of an assessment of 
impairment as opposed to the ability of brain damaged 
children. From this point of.view, items from the 
Oseretzky scale Were selected and grouped on the basis 
that only a very small percentage should fail. These 
were then tested at successive lower age levels until 
all the items were passed.
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This revision can be seen as a breakaway from 
the previous tests which attempted to calculate 
the-motor age of the child and to draw conclusions 
on the basis of comparisons with the assumed 
performance of normal children. Gollnitz was not 
concerned with a measure of motor ability or with 
the performance of a child who passed the test, 
for, under his criteria, success at the basal age 
level did not indicate the childs motor age.
More recent work with the Oseretzky tests
was carried out by Yule W. (1967) and others from
the Department of Child Development at London
University. Using the translation by Doll (1946)
they used a shortened form of twelve selective items
in a study of 2,2CO children resident on the Isle of
Wight. The items selected required the minimum of
equipment and were arranged in order of difficulty
to discriminate within the age range 9 - 1 0  years.
It was intended to investigate the hypothesis that
“Motor clumsiness is associated with 
educationally handicapping conditions” .
The items were reported to be a mixture of Gross motor
control and fine motor•co-ordination. The findings of
the group are as follows
1 . In a test retest study of reliability from 1 - 2 9  
days. M = 7.8 days a correlation of .69 was 
computed. This was reported to be -almost as 
high as that found by Sloan (1955) after one year.
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2. In an analysis of validity, Yule reported
“Of all the correlations between raw. 
scores and a wide variety of I.Q. 
and attainment tests in the control 
group, only age correlated significantly 
at the l/o level (r = .31)"
3. In relation to I.Q. in the control group of 
normal children, the correlation between the 
Oseretzky score and the W.l.S.C test was -0.002.
4. Correlation between each individual item and the
total raw score ranged from .24 to .57, all
statistically significant. (P,<0.00l). Using
the raw score, an assumed identification of
clumsiness was made on the following basis:-.
Severely clumsy 2 below the appropriate
age level mean score.
Moderately “ Between 1 and 26 below.
Normal. Upwards of l a  below the
mean score.
5. From the group of neurologically handicapped
children a strong relationship was. found between
I.Q. and clumsiness. This was accentuated in the
lower levels of I.Q. The severely clumsy children
were therefore found to be more retarded both
intellectually and educationally. The mean I.Q
‘(W.l.S.C.) was equivalent to a standardised score
of 83. In conclusion it was reported that:-
“Motor clumsiness may take its place 
with those other developmental disabilities 
such as adverse reading retardation, 
hyperkinesis, or developmental speech 
disorders in which a clear association with 
age and I.Q is linked to an inconsistent but 
none the less definite association with brain 
damage .“
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The development of the Stott Test of 
Motor Impairment.  .   .
In the light of modern psychological opinion 
it is evident that there is far more concern for 
the obscure and diverse effects of motor impairment.
No longer is it seen purely as a manifestation of 
certain forms of neural dysfunction but as a 
possible cause of other social and psychological 
problems.
Whiting and Morris (1971) point out;-
1 At an everyday level, a child who is 
considered to be motor impaired is 
observed to be unable to perform the 
particular pattern of skilled behaviour 
demanded by his environment. Not only 
is his performance below the norm, but 
is sufficiently poor.as to make his 
behaviour in general or specific situations 
maladaptive” .
A point of view supported by Oliver and Keogh 
(1967) who in an analysis of the learning difficulties 
of the physically awkward describe children who find 
difficulty in simple co-ordination tasks, who lack the 
ability to balance, are unable to recognise rhythms or 
who are categorised as just “plain clumsy’1 . They 
dispute the usual explanation of. such deficiency - that 
clumsiness is a condition that must be accepted within 
the range of normality; they reject the wholly belief 
that a child gets, enough satisfying activity Vwithin 
his own ability’ and they underline the unfortunate
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psychological effects for a child who encounters 
habitual failure during his formative years; a 
point that is readily accepted by many discerning 
teachers of physical education.
These possibilities are well supported by 
the studies of maladjusted and delinquent children 
carried out by Stott (1964). From his study of 
thirty three troublesome children, he found a high 
incidence of associated conditions which could be 
attributed to neural dysfunction. He formed the 
opinion that a test of motor impairment could well 
prove the best means* by which the neurological in 
behaviour disturbances may be demonstrated. There 
was a strong possibility of a close relationship 
between motor impairment and behavioural problems 
particularly of the type associated with delinquency.
In recognising the harm that can be caused by failure 
to identify cases of clumsiness, Stott, Moyes and 
Headridge began the work of devising a test based on 
the Gollnitz revision.
In considering the problems that were seen to 
be associated .with this task, Stott (1966) points out 
that motor impairment may be the result not only of 
neural impairment but also of physical malformation, 
injury or. debility. His main criteria for item choice, 
therefore, is that motor disability should be 
reasonably attributed to neural dysfunction.
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This he states can be inferred if there is a
failure to control or co-ordinate simple actions
without physical disability, the inference
becoming more probable if the incompetence is
observed in diverse functions. He acknowledged
the difficulty in minimising the effects of other
irrelevant factors present in all such empirical
tests as follows:-
“Since behaviour involves the whole 
person it can be affected by in­
competence in any of a number of 
functions -perceptual, intellectual, |
motivational (emotional) or muscular... I
it is a question of reducing their 
influence on the result by choosing 
activities which are relatively non- 
discriminating in these areas11.
There is the further complication that with' a tendency
for multiple impairment, the child is more likely to
be affected mentally, physically and emotionally;
consequently, the t-asks set must have tolerance limits
of spatial awareness, strength and intelligence only
just above the range of obvious incompetence.
On the principle that apart from neural 
dysfunction the test should be relatively non- 
discriminating, Care was taken to avoid tests which 
demand any more than minimal strength and did not 
penalise children with minor physical handicaps. 
Attempts were also made to eliminate any really 
unfamiliar task which might provoke resistance or fear.
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Differences in previous learning, in cultural 
environments and in educational opportunity were 
also seen to present problems of item choice that 
could not be completely eliminated. Both familiarity 
with the activity and a knowledge of the physical 
properties' of any object that is manipulated are 
relevant factors of the experience necessary in the 
accomplishment of any set task. The experience will 
differ with each subject whether it is a result of 
previous practice, for example, of throwing, or 
familiarity with a tennis ballJ. The danger of 
selecting items that are more free from cultural 
familiarity is that they may become divorced from 
the fundamental activities of real life and may even 
conflict with the natural means of co-ordination.
When considering tasks involving two 
simultaneous movements it had to be taken into account 
that, if owing to their novelty both demand attention, 
then the task would require considerable concentration, 
which amounts to the rapid alternation of attention 
from one movement to another. This type of task is 
obviously unsuitable for the mentally slow children, 
thus, in any test when the inclusion of simultaneous 
movement is demanded, one of them must be so familiar 
or simple that it can be performed without conscious 
effort.
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The question of a cut off point for success
or failure has yet to be answered satisfactorily. 
b
As Stott (1966) points out, it would be unrealistic 
in a diagnostic test of motor impairment to have a 
5C?o pass/fail rate, and hardly more realistic to 
pick an arbitrary 10 - 2C?6 failure; for the border­
line has to be established by some independent 
criteria. This problem is further confused by the 
problems of specific or general impairment in 
children. The ultimate yardstick of impairment must 
be that which constitutes impairment in the ordinary 
child1s life. Stott suggested that the best way to 
note this is by the use of trained observers. The 
observers would be able to identify from amongst 
representative groups those children who showed any 
degree of physical handicap. In this way it is 
suggested that an expected incidence would emerge. 
Although, as mentioned previously ’evidence1 of a lC£o 
’failure rate1 was given by the test Officer.
An important aspect of the tests failure rate 
is the appreciation of the relative prevalence of a 
condition in each sex; evidence which could show it 
to be congenital. With this in mind Stott (1966)1). 
devised his test to be identical for each sex, 
avoiding obviously, activities which might give a 
physical or cultural advantage to one sex or the othe
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With these considerations in mind, Stott selected 
five-tasks’ of increasing difficulty for each age 
group (5 - 16) which purport to measure the 
following: -
1. Static balance 
'2. Hand eye co-ordination.
3. Dynamic balance.
4. Manual dexterity.
5. Simultaneous movement.
A sixth item - “synkinesis’* measures the lack 
of specifity of innervation, and is itself measured 
by three standard tests for all ages at the beginning 
of the test programme.
In view of the understanding that neural 
impairment can be specific to one function or one 
part of the body, the six items are thought to be 
suitable in as much as they show a reasonably 
comprehensive sampling of motor activity. Whether 
they represent the essential factors of motor 
performance sufficiently accurately to provide a means 
of detecting impairment has yet to be proved conclusively. 
The obvious difficulty in any assessment of impairment 
is the absence of any easily available criteria against 
which the efficiency of a test may be measured.
Stott (1966) laid down the criteria which each
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test item must satisfy as:- It should -
. 1. Detect motor disability attributable
to neural dysfunction.
2. Barring gross impairment, not involve 
greater muscular strength than would, 
be common to all subjects.
3. Not involve fine discrimination of 
space or distance.
4. Be managed by children of inferior 
mental ability.
5. Not penalise children of short stature 
or with minor physical handicaps.
6. Not evoke emotional resistance.
7. Discriminate at about the point judged 
independently to be the borderline of 
motor impairment in everyday activities. 
(Presumably this refers to teacher 
assessments or the observations of 
^trained observers1 - a somewhat 
circular and subjective method).
8. Minimise previous cultural or learning 
differences.
9. Involve a qualitatively different activity 
to that of tasks of other age levels.
10. Be scorable as a pass or fail with
reasonable objectivity.
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11. Test the sorts of motor co-ordination 
and control for which the human 
organism is naturally adapted. (A 
reference surely to Yarmolenkos 
“life essential movements” .)
12. Be reasonably specific to the area 
or aspect of motor ability it is 
intended to measure. (The evidence of 
Vandenburg S.G. 1964, Thams R. 1955, 
and Yule et.al. 1967 present 
conflicting conclusions regarding this 
point).
13. Require only such apparatus as can be 
carried and can be used in a moderately 
sized room.
14. Not be unduly time consuming. (The work 
of Clarke et.al. 1968 indicated that 
the test could take up to 45 mins. to 
complete with H.S.N. children and at 
least 30 mins. with normal children).
15. Involve no risk of physical injury by 
falling, slipping etc.
It was Stott’s intention that the test should be used 
in schools in conjunction with the teacher’s 
assessments as a screening device.
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The Development of Tests based upon the 
Behaviour characteristic Motor Imoersistence
The recognition of common signs and symptoms 
is an important aid in any medical diagnosis of 
neural dysfunction, and is faciliated when they 
are clearly defined and relatively unambiguous.
In this respect it has frequently been observed 
that even the children with mild 'forms of brain 
damage are seemingly incapable of maintaining 
certain voluntary acts for any length of time.
As early as 1907, Lewandowsky felt 
that the inability to maintain the eyes closed 
was an apractic disorder. In 1924 Pineas noticed 
that patients with hemiplegia also showed an 
"inability to keep the eyes closed". A similar 
observation was made by Zutt in 1950. He added 
the characteristic-of the inability to "keep the 
tongue protruded," and likened-'this,'behaviour to 
"the more primitive signs such as the grasp reflex 
which emerges when the higher controls are impaired."
In the following year Fisher (1956) proposed 
the term "Motor Impersistence" and identified the 
following characteristics, all of which were almost 
exclusively associated with damage to the non­
dominant hemisphere:-
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"(1) Inability to maintain gaze in 
any one direction (1 ocular 
vacillation1) or to keep eyes
* fixed centrally under the 
distraction of the examiner’s 
finger movements (’attraction 
response.’)
(2) Inability to keep mouth open 
and/or tongue protruded.
(3) Difficulty in keeping eyelids 
shut during sensory testing.
(4) Dif ficulty in making a prolonged 
* ah’ sound.
(5 ) Difficulty in exerting steady 
pressure during hand gripping.”
It was also noted that both motor and sensory defects
■ i
were present.
A systematic clinical investigation was carried 
out with one hundred and one brain damaged patients 
and a matched control group by Joynt, Benton and 
Fogel (1962). Using a battery of nine tests they 
found that 23% of the brain damaged group showed 
pathological impersistence, which was defined as 
failure on two or more of the tests. They also 
concluded that:-
”It appears that motor impersistence of a
• pathological degree is associated with 
-advancing age, mental impersistence and
disorientation of place, person, and time1 .
This view was also taken by Rutter, Graham and 
Birch (1966) in a detailed analysis of these factors. 
They observed that motor impersistence, as indicated 
by choreiform movements was more closely related
Choreiform movements are irregular jerky or 
spasmodic involuntary movements associated with the 
pathological disorder of ’chorea’ which affects the 
motor control centres in the brain.
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to mental age than to any other specific educational 
disability.
Precht .land Sternrner (1962) used tests of 
motor impersistence with the objective of search­
ing for the aetiological factors of the behaviour 
of certain problem children who had been referred 
to the Doctor because of poor school ability and 
as showing signs of excessive activity and restless­
ness. Many such school children had been observed 
with these hyperkinetic symptoms that ranged from 
slight lack of physical skill to the more serious 
disturbance of the pyramidial system. The 
investigation was carried out with a group of fifty 
of those children, aged between 9 and 12 years, who 
had no other overt neurological signs. In a 
description of their behaviour, it is stated that:-
”The movements were slight and jerky and 
occur quite irregularly arythmically in 
different muscles. They are characterised 
by sudden occurrence and short duration.
Muscles of the tongue, face, neck and trunk 
were involved in all of these cases.... A 
disturbance in co-ordination (finger-nose; 
heel-toe tests ) depend on the intensity of 
choreiform twitches but this was also due to 
Dysynkinesia (l) and not to a true ataxia” .
In consideration of the aetiology, they believed
that this choreiform syndrome was the result of injury
to the infant’s nervous system by ”pre, para- or
immediate post-natal complications as shown by the
case-histories” .
(l) The lack of specific control that results in 
associated involuntary movement of other parts of the 
body.
Garfield, in a study with twenty-five brain 
damaged children, aged 5 - 1 1  years, and twenty- 
five normal children matched for age, sex, and 
intelligence, found that on six of the eight tasks 
the brain damaged children were significantly 
poorer than the controls (P < .05 ). The 8 tests 
that he used are listed in outline as follows:-
1. Keeping eyes closed.
2. Protruding tongue (.subject blindfold).
3. Protruding tongue (eyes open).
4. Fixation of gaze in lateral visual 
fields, on examinerTs finger.
5. Keeping mouth open.
6. Fixation of gaze on examiner's nose 
during confrontation testing of 
visual fields .
7. Head turning during sensory testing.
The subject was instructed to turn 
his head away and not to look at his 
hand. He was then asked to say which 
of his fingers was being touched by 
the examiner. The number of times 
that his head turned towards his hand 
was recorded.
8. Saying "ah” for as long as possible in 
two trials. The total score was the 
number of seconds.
The duration of each of tests 1 - 7  was for 
two periods of twenty seconds each, and the scores 
reflected the number of occasions, during these 
periods, that the subject showed distraction from 
the task.
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A table showing the scores of each of the
twenty-five paired control and brain-damaged
children on the eight tasks is given in Table 4
The incidence of motor impersistence was seen
to be unrelated to age or sex. In discussing the
significance of this phenomena and the value of
such tests as a useful means of clinical diagnosis,
Garfield observed:-
“The utilisation of these tests must enable 
one to identify the brain damaged child 
without gross motor impairment and to 
differentiate the child whose behaviour 
difficulties are a function of Central 
Nervous System impairment (i.e. neurological 
dysfunction) from the child with psychogenic 
behaviour problems."
In a later study with Benton and MacQueen at 
Iowa University, Garfield (1966) paired twenty-two 
cultural familial retardates with twenty-two brain 
damaged children and tested them on the eight tasks 
used previously by Fisher (1956). The study was 
designed to investigate the hypothesis that those 
retardates who were pathologically impersistent 
showed evidence of brain damage. The superiority of 
the 'former group on all eight tests were striking, 
and performance of a large number of the brain damaged 
children was far from perfect. The incidence of motor 
impersistence in both groups was found to be 
independent of I.Q., although it was noted with
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MOTOR IMPERSISTENCE IN CHILDREN (Garfield I964)
Scores of 25 paired control and train damaged children with results
of tests.
TASKS.
Pair. c. bd C.BD. C. ED. C. BD. C. BD. C. BD. C. BD C. BD
1 40-40 40-20 40-10 1-2 40-40 7-20 1-7 6-6
2 40-40 40-32 40-40 0-1 40-40 10-10 0-0 29-15
3 40-40 40-40 40-40 0-0 40-40 ' 1-1 0-0 22-39
4 40-40 40-40 40-40 0-4 • 40-40 2-12 0-0 32-5
5 40-40 40-36 40-35 0-1 40-37 0-3 0-0 26-17
6 40-40 40-40 40-40 0-3 40-40 3-20 3-4 16-2
7. 40-12 40-13 40-34 0-6 40-40 1-16 0-1 26-17
8 40-19 35-22 40-11 2-12 27-37 2-27 0-20 14-5
9 31-40 40-27 40-38 5-12 38-23 26-19 18-19 3-5
10 40-24 40-20 40-40 3-8 40-38 12-8 1-5 15-15
11 40-21 40-40 40-26 1-3 40-28 1-13 0-1 33-12
12 40-40 25-39 35-40 1-4 40-33 2-12 1-0 29-4
13 40-40 40-15 40-40 0-0 40-40 1-5 0-0 28-14
14 40-40 40-11 40-34 0-9 40-40 4-14 0-0 30-9
13 40-40 40-33 40-40 1-2 40-30 8-6 0-1 25-28
16 40-40 40-40 40-27 0-0 40-40 1-1 0-0 44-22
17 40-40 40-16 40-13 0-3 40-40 4-7 0-2 19-10
18 40-40 40-40 27-33 0-0 40-22 3-1 1-0 22-14
19 40-40 30-40 • 30-40 4-3 40-40 8-8 0-2 16-8
20 40-40 40-9 40-21 1-3 40-23 5-6 20-30 13-9
21 40-40 22-40 40-38 2-0 40-40 1-1 1-0 21-27
22 40-40 40-40 40-40 0-0 40-40 1-10 0-0 26-18
25 40-40 40-40 40-40 4-3 4O-4O 1-4 0-4 6-5
24 40-40 40-9 29-26 2-2 40-40 22-12 2-5 22-23
25 40-40 40-26 40-26 0-2 40-40 2-15 0-5 12-39
MD 5.00 9.00 5.92 -2.24 2.96 -4.88 -1.12 6.68
t 1.78 3.29* 2.74* -3.61* 2.26© -2.96© -0.96 2.67
<3> P < .05 * P < .02
INCIDENCE OP IMPERSISTENCE OR EACH OF 8 TASKS
Tasks
1 2 3 4 5 6 7 8
Normal, 
N = 140
Brain 
Damaged 
N « 25
3( 2&y 
4(20/)
5(3.5/)
12(48/)
5(3.5/)
12(485$)
3 (25$) 
12(4&/,)
5(3.5/»)
6(24/)
0
7(28/)
3(2/)
2(8/)
4(3/)
6(24/)
TABLE 4
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conviction that physical immaturity, or the lack of 
it, was an important factor.
The results showed that a high screening 
efficiency (93$).was obtained by the use of these 
tests .
The .most recent study of the phenomena of 
motor impersistence was conducted by Yule, Graham 
and Tizzard (1967) in 1966 with a group of 2,200 
children, aged 9 and 10 years,* resident in the 
Isle of Wight.
From this number, 450 children were selected 
on the basis of poor performance on educational 
tests, and 159 normal children were added, making 
a group of approximately 600 who were investigated 
more intensively. The motor impersistence tests 
involved seven commonly accepted standard tasks, 
such as * keeping eyes closed for 20 seconds, and 
keeping mouth open for 20 seconds*.
From their observations, it was seen that dispraxi 
and choreiform movements were both associated with motor 
impersistence, and there was also evidence of a 
correlation between motor impersistence and psychiatric 
disorders. Their conclusions regarding the relation- * 
ship of motor impersistence and clumsiness are 
particularly significant: -
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’There is evidence, however, of the specificity 
of. impersistence in the area of motor skills.
.Clumsy children in the Yule, Graham and 
Tizzard research had. impaired motor co-ordination 
and a high degree of motor impersistence even 
when the lower than average I.Q. was taken 
into account. Definite evidence has been 
produced showing the close link between brain 
damage and motor impersistence".
Studies such as these provide a valuable 
background of information regarding the characteristics 
of certain forms of motor impairment caused by neural 
dysfunction. Any effective diagnostic test must surely 
be based on a consideration of these observed and known 
characteristics.
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CHAPTER 6
The need for a reliable test of brain damage.
Current confusion in the field.
Types of tests in use.
Criticisms and some technical shortcomings of 
tests of brain damage.
Problems concerning tests of brain damage and 
the role of the Psychologist.
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The need for a reliable test of brain damage for children
For many years there has been an urgent need for 
a test of brain damage designed specifically for children, 
to be developed and adequately validated. A search of the 
medical and psychological literature that has appeared in 
the last decade soon reveals that efforts to solve the 
problem are under way. But although various researchers 
have indicated their view.that- a certain test has merits 
in this field a test has yet to appear that is universally 
accepted as a genuine test of brain damage. Various tests 
have a consensus of support in certain countries, and 
various tests put forward have been heavily criticised; but 
until a test of the W.l.S.C or Stanford-Binet standard (as 
applied to IQ assessment) appears in this field, there is 
opportunity for the researcher to contribute in a worth­
while manner to scientific knowledge and progress.
The current confusion in the field of brain damage 
test research ____ _______    _ _ _ _
At the time of writing, there is considerable confusion 
in the field; experts have put forward views in favour of 
certain tests - for example Avakian (1961) in conducting a 
survey on the applicability of the Hunt Minnesota Test for 
Organic Brain Damage for children between the ages of ten
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and sixteen, came to the conclusion that
1 a statistically significant difference 
• between the means of the control and experi­
mental groups was found at the 1% level on 
the Hunt Minnesota Test. On the. basis of 
inspection of the distribution of scores on 
the a tentative critical score was
set at 60. By using this critical score, all 
but one of the experimental subjects would be 
correctly diagnosed as having brain damage, 
and those having a higher score would be 
classed as being more seriously deteriorated.
Fourteen of the control subjects would be 
tested as normal, the remaining four being 
wrongly diagnosed. Hence on the basis of the 
results of this investigation showing a fairly 
definite differentiation between the scores of 
each group, it may be concluded that a specific 
tool for the diagnosis of deterioration namely 
the Hunt Minnesota Test has been shown to be 
useful in detecting mentally deteriorated 
children in the ten to sixteen years age range.1
Equally conclusively, experts have put forward views 
which condemn certain tests. An example of such a situation 
is the conclusion drawn by Mosher and Smith (1965 ), with 
regard to the Bender Gestalt Test (B.G.T.). They found 
that the test successfully differentiated between the control 
group and the brain damaged group on a group basis, but main­
tained that it is not sufficient to indicate that the B.G.T 
scores are significantly different for a brain damaged and 
control group. It is necessary to demonstrate satisfactory 
prediction in individual cases and to examine the incremental 
validity of the B.G.T scoring system, (Sechrest 1963).
Does the B.G.T add some increment to the reduction of 
serious errors which are frequently made? A comparison of
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the clinicians subjective confidence in the B.G.T and
the^ . objective research literature on the efficiency of
the B.G.T. in distinguishing brain damaged from non-
organic patients, suggests that the clinicians confidence
is perhaps misplaced and may be a source of serious error.
Over seventy per cent of the brain damaged cases in the
sample taken by Mosher and Smith were classified as non
brain damaged using the best single cut-off scores for
the two B.G.T scoring systems.- Mosher and Smith conclude
with the paragraph:-
"although psychologists may be able to make a 
contribution to the diagnosis of brain damage, 
it appears from these results that the B.G.T 
is not likely to be a successful contributor 
to diagnostic decisions. It may be that the 
B.G.T will prove useful with certain types of 
loci brain lesions, but it is certainly not a 
technique that psychologists should rely on as 
the most popular or only technique in their 
armament.”
It would seem that evidence from a cross validation 
study is needed in order to clarify the position of the 
B.G.T with respect to identifying cases of brain damage.
The present work may help to clarify the situation.
The experts are by no means in agreement on their 
findings. To illustrate this fact, one could cite the 
case of Avakian (1961) discussed earlier in this chapter, 
who was quite convinced that she had made useful progress 
in the field of diagnosing brain damage, with her work on 
the Hunt Minnesota Test; but three years later Herbert (1964)
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when discussing the use of vocabulary in certain tests,
stated that: -
“the failure of vocabulary to ’hold up* in this 
and other studies, should induce caution in 
assessing the validity of applying the Hunt 
Minnesota Test for Organic Brain Damage (Hunt 
1943) to children between the aqes of ten and 
sixteen, as is done by Avakian (1.961).."
The three examples listed, i.e. Avakian (1961),
Mosher and Smith (196b) and Herbert (1964), are indicative
of the confusion mentioned earlier, with regard to tests
of brain damage for children.
The types of test in use at the present time
There are three types of test that appear in the 
literature on brain damage in children
(a) tests specifically designed to detect brain 
injury; published with materials and manual and 
containing at least a minimum of data on their 
standardisation, scoring and interpretation, e.g 
the Memory For Designs Test (Graham and Kendall 
I960).
(b) old and familiar tests which have been 
adapted for diagnosing brain damage, a purpose 
for which they were originally not designed e.g 
Wechsler Intelligence Scale for Children (W.l.S.C) 
1949.
(c) a great variety of fad hoc1 techniques 
applied to small groups in experiments designed
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to test hypotheses concerning brain 
damage.
These methods are sometimes put to clinical use without 
the elaboration essential for a diagnostic test, e.g 
the Archimedes Spiral After Effect Test (1957).
Criticisms and some technical shortcomings of 
tests of brain damage in c h i l d r e n . __________ .
Before giving examples of tests that might be of 
use in the school situation, it would be useful to under­
stand the main criticisms and technical shortcomings of 
tests of brain damage in children. Using these criticisms 
one should then be able to decide which of the tests given 
are least open to question, and which to use if and when 
needed. Herbert (1964), lists eight points of criticism 
concerning tests of brain damage, a review of which would 
be helpful at this stage.
(a) No single test has been adequately standardised
in terms of age and representativeness of criterion
groups, or other essentials of test design. When
discussing the method of assessing a group against a
criterion group, Yates (1954) states
"the difficulty of using this method of 
validation lies, of course, in the fact 
that the criterion itself is in need of 
validation.1
(b) The majority of investigations have concerned 
mentally subnormal brain damaged children, a fact
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which severely limits the applicability of 
the tests in the general psychiatric hospital 
or child guidance clinic.
(c) Very few cross validation studies have 
been carried out on the tests put forward.
(d) . The overlap of scores of brain damaged
and non-brain damaged children may be considerable, 
despite statistically significant differences 
between group mean scores. Some tests do not have 
estimates of the amount of error involved in their 
use •
(e) They do not usually provide data for the 
frequency with which they correctly differentiate 
between brain injured and neurotic (as opposed to 
normal) children.
(f) The sensitivity of a test is rarely considered 
in relation to the base rates. Dawes (1962) states 
that
”the clinical efficiency of a test, depends upon 
the proportions of the test subjects belonging 
to the categories that the test is attempting to 
differentiate. Each categoryTs proportion is 
termed a Tbase rate* and it is equivalent to the 
antecedent probability that a randomly chosen 
subject will belong to that category**.
(g) Factors such as age and intelligence are usually 
taken into account in perceptual tests, but there is 
a lack of control of visual field defects or external
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stimulus variables, which influence test performance. 
Day (i960), shows how wrong conclusions might arise 
from unsophisticated application of perceptual tests 
like the Archimedes Spiral After Effects Test (1957), 
The failure to control the crucial ability to fixate 
the target,, for example, may neutralise the discrimina­
tion of a test. Day states that it is important here 
to
"direct attention to issues which appear to 
have been overlooked and which have an 
important bearing on research in this area.
It is believed that failure to consider 
certain behavioural outcomes of brain damage, 
as well as insufficient attention to methodology 
and sampling, have resulted in the lack of agree­
ment between the results of independent studies.u
(h) Estimates of reliability are not. always provided
for the tests. When scoring and interpretation are
subjective as is the case in many tests, error
variance may be too great for diagnostic purposes.
The present study may answer in part at least, some 
of the criticisms put forward by Herbert with special 
reference to the Stott Test of Motor Impairment. The 
criticism regarding standardisation are well made in 
relation to the Stott test; the manual gives little 
guidance as to the cut off point between impairment and 
acceptable performance, norms for each of the age groups 
being absent. The cross validation with other tests of
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brain damage that is covered in later chapters may 
offer some, evidence to help to pinpoint the border-line 
between impairment and normality.. In personal communica­
tion with the Stott Test Officer; it was learned that 
the test was nsetn to screen approximately 1C^ of the 
normal population, this figure being arrived at presumably 
as a result of empirical observation and research evidence 
provided by Brenner et.al. (1967) and Stott (1966 a )
The following list of tests (many .with sub tests ) 
gives an indication of the type and number of measures 
available. The list is confined to those tests that were:-
(a) designed as tests of motor impairment or brain 
damage•
(b) designed as tests of motor ability, which have 
been used experimentally to measure brain damage.
(c) Other tests that have been used in research into 
brain damage and motor impairment.
The list was confined to those tests catering for 
children in the range 5 - 15 years. An inspection of the 
list soon reveals the great diversity of tests that research, 
evidence has shown contribute in some way to the identifica­
tion of brain damage, or which have been used, by researchers 
in this field.
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The outline of available tests does not purport 
to be exhaustive, it is intended merely to indicate the 
very wide range of measures employed in research studies 
relating to brain damage. The great majority of tests 
listed are reported fully in Buros O.K. (1961) and (1965 ) 
where details of authors and references may be found.
Problems concerning tests of brain damage and 
the role of the psychologist ;_____ _______
The major weakness of tests of brain damage is the 
absence of an adequate theory of brain function upon which 
they can be based. It is common practice among those 
engaged in the research and validation of tests of brain 
damage in children, to make a classification of ’brain 
damage1 versus ’non-brain damage.’ Even assuming that there 
was in existence a test which could do this reliably, how 
much would it contribute to the task of making a diagnosis? 
The value of diagnosis lies in its descriptive functions 
and its implications of aetiology, treatment and prognosis. 
Herbert (1964) puts the point neatly by stating:-
”A label without implications would be pointless'*
Meyer (1957) deals mainly.with the numerous problems 
of applying the concepts of brain damage to adults. If 
anything, the picture is more obscure in the case of brain 
function in children, mainly owing to the complication of 
developmental factors. Thus, it is not surprising that
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investigations of variously defined samples of brain­
damaged children should report contradictory findings.
As far back as 1954, Yates, writing on the validity of 
some psychological tests of brain damage, points out 
that : -
"'Few--authors when constructing their tests, 
choose their cases with sufficient accuracy 
and care, in most cases considering brain 
damage as a unitary factor. „ That this is 
unsound from the point of view of diagnosis, 
may be shown by evidence from many sources.
Thus, if a random group of brain damaged 
patients is given a test, the results nearly 
always fall into an abnormal distribution, 
i.e., are skewed. Many of the brain damaged 
group behave like normal controls or functional 
patients, while others obtain very abnormal 
scores. Frequently this sort of pattern accounts 
for the significance of differences between the 
groups, reported in some studies."
Herbert (1964) remarks somewhat cryptically that:-
"It would seem then, that the unqualified use 
of the term *brain damaged1 in a diagnostic 
psychological report on a child, is a gross 
over simplification and somewhat analogous to 
a physician reporting that a patient is bodily 
ill."
A review of the available tests make it clear that 
there is no satisfactory, valid and reliable diagnostic 
test of childhood brain injury. Indeed, there remains the 
suspicion that a large proportion of those children differ­
entiated as brain damaged by psychological tests, are in 
any case visibly brain damaged to the layman. If the 
doctor was interested simply in the question of the presence 
of injury, he presumably only needs the psychologists opinion
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on those cases which were borderline. But the 
psychologists tests were validated against fairly clear 
cut criterion groups, not on ambiguous cases and it is, 
therefore, difficult to see how he could elucidate the 
diagnostic problem.
The psychologist it seems, would be making a greater 
contribution if he were to emphasise the descriptive rather 
than the diagnostic functions of his techniques; especially 
those which have implications for the child’s treatment and 
education e.g., Mednie and Wild (1961), Hunt and Patterson 
(1959) and Barsch (1962). The work of Annatt^Lee and 
Ounsted (1961), and McFie (1961), incorporates one approach 
which seems likely to suggest hypotheses with useful theo­
retical and clinical implications.
Meyer (1957), although dealing with adults for the main,
expresses a view that is particularly relevant to children,
when he states : -
"that the psychologist’s main purpose should be to 
detect abnormalities, formulate explanations to 
account for them, and to test deductions ensuing 
from his hypothesis. Such a method of investigation 
should enable him to describe the abnormality precisely, 
to demonstrate under what conditions it is modified, and 
eventually with all the information available, he should 
attempt to train the patient, with the view of ameliora­
tion or even with the view of a complete cure of the 
abnormality. The widely held view that the consequences 
) of brain injuries are irreversible has prevented progress 
in this field.”
This point of view is particularly relevant to 
children, as there is evidence that the relatively
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undifferentiated structure of the child’s brain makes 
possible (if the injury occurs early) maturation with 
some compensating development of function. This ' 
modifies the influence of an injury which might be 
irreversible in adults.
There is considerable evidence of the types of 
deficit produced by brain injuries, but an unfortunate 
paucity of longitudinal investigation of long term 
sequelae and their modifications. A psychologist could 
describe the impaired functioning of patients, by means 
of tests carefully standardised for specific purposes.
If a child was found to be suffering from some learning 
disability of perceptual abnormality; such a finding 
would be more useful than the label brain damaged. A 
learning disability might explain a failure at school, or 
a perceptual defect have specific implications for the 
disposal of the patient, e.g., a special teaching method. 
(Frostig 1964; Kephart I960; Tansley and Gulliford I960)
Cruckshank, Benton, Ratzenburg and Tannhauser (1961) 
in their paper on a teaching method for brain injury and 
hyper-activity in children, maintained that neurological 
diagnosis in itself can rarely be translated into a dynamic 
educational programme, whereas psychological assessment can.
In carrying out clinical work and research in the 
field of brain damage, it would be advisable to bear in
198
mind the statement by Wortis in 1957, when he wrote
11 there is, in short, no brain injured child,
* but only a variety of brain injured children 
whose problems are quite varied and whose 
condition calls for more refined analyses 
than some of the current generalisations on 
the brain injured child provide.1
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CHAPTER 7
THE EXPERIMENT
The problem
The difficulties associated with identifying cases 
of minimal brain damage have been dealt with in previous 
chapters, but the principal difficulty of establishing the 
validity of a practicable test of motor impairment is worthy 
of repetition. The place of the Stott Test of Motor Impair­
ment in the field of minimal brain damage is the major 
consideration in the research project outlined in the follow­
ing pages.
Briefly, the purpose of the investigation was to examine 
the relationships between the Stott Test and other 1 criteria*; 
to analyse the structure of the test with a view to possible 
recommendations for revision; to establish if possible a 
meaningful impairment score and draw some conclusions as to 
the tests suitability as an initial screening device for 
impairment. The division of the test into five areas of 
motor competence and the implied diagnostic significance of 
these divisions was a major consideration.
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Criterion Groups
A validation and standardisation of the whole test 
was impossible considering the resources and time available; 
the investigation was, therefore confined to the 8/9 year 
age range. This age range was chosen for two main reasons 
namely, that if any test of impairment was to be meaningful 
and practicable in a school situation then early identification 
of a childs problem was essential (Morris and Whiting 1971) 
and,as the author was closely associated with an earlier 
investigation at the University of Leeds (Clarke, Johnson, 
Morris and Page, 1968) in which 10/11 year old children were 
involved, the combination of the earlier findings with the 
present work may provide comment regarding the test through 
the ages 6 to 10. The selection of ages 5, 6 or 7 was rejected 
on the basis that the children may not have 'matured1 through 
their early school years; developmental difficulties would 
no doubt be in evidence, and, many established tests are not 
designed for young children. The problems of normal varia­
tion at which children develop visual motor ability was .
recognised, in addition to the vulnerability of young children 
to what Graham and Kendall (1946) describe as.
11 slight reversible brain damage” .
This concept, combined with developmental variations helped 
to decide the age group at 8.0 years to 8.11 years.
Subjects were selected from normal (control) and 
educationaly sub normal schools. In order to avoid the
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possible effects of socio-economic factors the normal 
school population consisted of 65 children from one 
school situated in Chessington, Surrey. The school catch­
ment area incorporated a very representative sample of 
professional, skilled and manual workers. The H.S.N 
subjects were drawn from two schools in Surrey: Carwarden
House, Camberley (N =12) and The Park School, Woking 
(N = 12).
Little difficulty was encountered in establishing 
contact with schools willing to co-operate in the project, 
but few were able to offer the accommodation needed for 
testing. The requirement of a separate room for the Stott 
Test proved most difficult to overcome, however, the schools 
mentioned were selected and testing began at the end of June 
1972 and continued through the three schools until the end 
of December 1973.
The Test Battery
The table given previously (table 5 ) indicates the
number of tests available that have been used or adapted 
to sample along the continuum of motor ability - motor 
impairment. Many were not designed to measure impairment 
or brain damage, their use being justified by correlations 
with validated tests or results shown between control and 
experimental groups. As mentioned in a previous chapter, 
Herbert (1964) points to the major difficulty in any
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assessment of brain damage in that the criterion itself 
is often in need of validation. With this in mind, the 
selection of the test battery presented certain difficulties. 
The tests selected had to bear a definite relationship to 
the problem, and, the battery had to be comprehensive 
enough to give reasonably decisive and informative results. 
Time was considered an important factor as the number of 
children to be tested was estimated at 90/100, and, as 
each child would have to complete several tests, any that 
were excessively lengthy to complete or score were not 
readily acceptable.
The decision was made to base the selection of the 
battery on the following criteria
1. The test must relate directly to the problem of 
motor impairment.
2. The test must possess adequate validation material.
3. The test must be reasonably easy to administer.
4. The test should not be unduly time consuming.
5. According to data available, low levels of 
intelligence should not be a barrier to 
satisfactory completion of the test.
6. The test should not discriminate between the 
sexes to a marked degree.
• 7. The test should possess an adequate, objective 
scoring system.
8. The.criteria stated should be easily interpreted.
The Stott Test formed the obvious basis of the battery, in 
addition, the following tests were included; the choice being 
made with regard to the above criteria and the authors 
experience of using some in a previous study.
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I.Q. - as measured by the Cornwell Oral test of 
Intelligence (Cornwell J . 1952)
• Bender Gestalt Test for young Children (B.G.T. )
Koppitz (1964)
Memory for Designs Test (M.F.D.) Graham &
Kendall (I960;
The Frostig Developmental Test of Visual-Perception. 
Frostig (1961)
Motor Impersistence Test. Garfield (1964). Yule 
Graham & Tizard (1966)
Draw a Man Test. Witkin et al. (1962)
Spiral Maze Test. Gibson (1965)
Block Design. Wechsler (1949)
Object Assembly. u 11
In addition, the following measures were taken
Laterality - dominance of hand, eye, foot.
Teachers1 questionnaire- Teachers1 assessment of
’nominated1 impaired subjects.
Sociogram - One sociogram based on
’friends’ and one based on 
’games* choices were 
constructed. (Control group 
only).
Details of birth or pregnancy complications would have
t
added tremendously to any investigation of this type, but, 
these details were impossible to obtain with .the control 
group, and, although available in some cases for the H.S.N. 
group the reliability of the information was in question, 
and short 6f interviewing every parent concerned the search 
for medical histories was abandoned as being beyond the
s '
scope of this study.
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Test Administration
The administration of the test battery was standardised 
as far as possible within the limits of the school timetable 
and pupils irregular attendance. In general, tests that 
involved physical effort were administered before midday 
and the more sedentary tests, usually involving the use of 
paper and pencil were administered during the afternoon.
The tests were administered in the same order to each child, 
but to minimise the effect of fatigue or boredom, no child 
was tested during both morning and afternoon sessions.
The order of administration was as follows
Time taken
1. Draw a Man
Sociogramme
Used as an introduction 
to the class. (Group 
testing)
20
minutes
2. Cornwell Test- Group testing. Five
I.Q sessions of approxi­
mately 25 minutes taken 
over 5 days. (Control 
Group only)
2
hours
3. Bender Gestatt 
Test
Individual testing, 
(p.m.)
20
minutes
4. Stott Test and Individual morning 
and Laterality testing.
Tests.
30-60
minutes
5. Motor ) 15
minutesImpersistence ) Individual testing. 
Spiral Maze )
6. Frostig Group Testing Controls. )
Developmental Individual Testing )
Test of Visual E.S.N. )
Perception
40-60
minutes
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Time taken
7. Memory for Individual testing. 20-30
• Designs - minutes
8. Block Designs ) T j • • j i x x* 15-30
Object Assembly ) Indlvldual testln9* minutes
The table below presents the time involved for 
individuals and groups to complete the battery outlined.
Total Time Per 
Subject
Control
E.S.N.
4 hrs 40 mins - 
5 hrs 55 mins 
2 hrs 40 mins - 
3 hrs 55 mins
Mean Time Control Group 
E.S.N. Group
317 mins 
197 mins
Total Group Time 
(Based on Mean. 
Times)
Control Group 
E.S.N. Group
343 hours 
79 hours
Total Experiment Testing Time = Approximately 422 hours 
(Based on the Mean Time for each group ).
As can be seen, the total programme involved some 422
hours of testing, and, apart from three cases in the control 
group and two in the E.S.N. group the outlined order of 
administration was adhered to. The five subjects whose 
tests were administered in other orders were absent from 
school for one week or more, and return visits had to be 
made in order to complete the programme.
Statistical Analysis
Data for each group was treated separately. Both sets 
of results were subjected to a factor analysis, although it
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is recognised that the results of the E.S.N, analysis must be 
interpreted with caution due to the small number of subjects 
involved (24).
The statistical programmes outlined below were 
performed by use of S.P.S.S. (Statistical Package for the 
Social Sciences ) routines, performed in the main on a 
C.D.C. 6600 computer at the University of London computing 
centre. *
1. Condescriptive ) Means, Standard Deviations,
2. Codebook ) Standard Errors etc.
3. Pearson Corr. Pearson product moment
correlation coefficients.
4. Factor Principal ) Type P.A.2
components ) with Kaiser
Varimax rotation ) normalization
5. Regression Stepwise multiple regression.
6. 11 1 Test.
A description of the techniques and mathematics 
employed in factor analysis would be superfluous to the 
present work as there is an abundance of reference material 
at hand. (Harman 1967; Rummel 1967; Rozeboom 1966). There 
has been some critical comment regarding *circular reasoning* 
in employing factor analytic techniques. Rozeboom (1966) 
deals with this criticism and sums up succinctly the 
theory of factor analysis when he states:-
“If the data variables are to be analysed as linear 
combinations of factors which are themselves, in 
turn, defined as composites of the data variables,
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aren’t we just going in circles? Well, yes « 
in a way we are, but sometimes the view from 
one’point on a circle is more interesting than 
from another. Complete analysis of a set of 
variables into defined factors is merely a linear 
transformation of the set, and a person’s scores 
on such factors jointly contain exactly as much 
information about him, no more and no less, as 
do his scores on the original variables. But some 
ways to say the same thing are more illuminating 
than other ways. ...”
Clearly, the value of factoring techniques lies in 
their ability to reduce data so that underlying patterns of 
relationships may be identified; and the reduced smaller 
set of components possibly identified as source variables.
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THE STOTT TEST 
The development of the Stott Test-from the Oseretsky 
original has been dealt with previously; the purpose of this 
section is, therefore, to outline the test in itfs original 
(Stott 1966) form and to detail any changes that were deemed 
necessary based on previous work (Clarke, Johnson, Page,. 
Morris 1968; Whiting, Johnson, Page 1969).
Certain criticisms of the test were noted before the 
experimental research began; they covered the areas of 
scoring system; number of trials allowed and discrepancies in 
equipment and instructions found in the manual.
Scoring System
The system recommended on the scoring form is that 
two points be awarded for an Item failure, one for a 
half failure, single hand or leg, and nil for a pass.
Two immediate criticisms are apparent regarding this 
method; the first being that a.child failing an item at 
his age level would receive the same score as a child 
failing an item two years below his age level. The 
inappropriateness of this situation and the doubtful 
value of the score obtained is obvious.' If an impairment 
score is to be meaningful in terms of identification of 
impairment, then it would seem that a weighting of 
failures below the subjects chronological age is 
necessary. The second criticism
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concerns the seemingly unfair situation of an 
impairment score based on non preferred hand/leg 
failures, especially if this score is obtained /jv
■. ■ ■ ' ■ ■ ■ w '■
at the subjects age level.
Having these two points in mind, it was decided 
to “weight” scores on the ratio of a base score for 
the childs chronological age, an addition of 50% for 
one year below his age level and double for two years 
below. It would seem reasonable to assume that a 
failure two years below a subject chronological age 
is of greater concern than one at his age level, and 
as such would call for an increased impairment score.
In addition, it was decided that in order to make the 
score a useful screeing device, credit would be given 
for first, second and third time passed-as follows:-
Items at chronological age - first time pass - 0 points
second time pass - 1 point
third time pass - 2 points
. failure - 3 points
Items one year below C.A + 5QP% i.e. 0, 1*5, 3, 4*5
Items two years below C.A + 100^ i.e. 0, 2, 4, 6.
This principle is not a new one, and was used by Yule 
(1967) in the Isle of Wight study with some success.
In addition distributions of impairment scores have in 
the past been badly skewed, making statistical 
analysis somewhat perilous. The new scoring system 
may aid in the interpreting of results.'
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In the complete absence of published, norms 
or standardization material, it was felt entirely 
justified to introduce the above scoring changes 
as an experimental procedure.
Number of Trials
The number of trials allowed in the manual 
for the ages concerned (8, 7, and 6 years ) ranged 
from 2, 3 or in certain cases-, scores as follows
AGE ITEM.
1 2 3 4 5
Age
6
3 trials
D.
V o
Cate
N-.D.
3/10
:hes
.3 trials. 2 trials . 2 each 
hand.
•Age
7
3 trials
D.
V o
Cate
N.D.
V o
,hes
3 trials. 2 each 
hand
3 trials
Age
8
3 trials
D & N.D 
%
Catches I 
ea.hand j
3* trials 2 each 
hand
2 each 
hand
Item 2 ages 6 and 7 require 5/10 successful 
catches with the dominant hand and 3/10 with the non 
dominant hand for a pass.
The manual (Revision II) does not attempt to 
justify why some items are allowed two attempts and 
others three. Validation material is not presented, 
and evidence at hand does not give details of how 
these decisions were reached (Stott 1966, 1966a, 1966b).
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In considering the scoring system adopted 
it was decided to allow three trials for all items, 
thi-s affecting items four and five age 6; item 
four age 7 and items four and five age 8. The pass 
rate for catches on item two ages 6, 7, 8 was 
retained, as was the pass rate of 2/3 catches for 
u item two age 8. The application of another 1 arbitrarily1 
defined pass rate was felt to be unjustified.
The application of the scoring principle (first, 
second, third time pass) to item two ages 6 and 7 
was achieved as follows
AGE 6.
DOMINANT HAND SCORE
<  5/-10 Fail 6
5/6^
^ lO 3rd Pass 4.
7/8^
2nd Pass 2
9/10,
^ ^10 1st Pass 0
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AGE 7
DOM.HAND SCORE NON DOM. HAND SCORE
5/10 < Fail 4-5 <3//10 Fail 2.25
5/6
'"“T a 3rd Pass 3
3/4
TO 3rd Pass 1.5
7/8
""To 2nd Pass 1.5
5/£/7_
10 2nd Pass .75
9/10
~~~To~ 1st Pass 0
8/9/10
Io"~ 1st Pass 0
The criteria for a fail on item four ages 6,
7 and 8 was retained (two crossings age 6; two 
crossings dominant hand, three non dominant hand 
age 7; and five seconds age 8). The only change 
made.was to allow three attempts for each item.
In a description of the research involved in 
the development of the test, Stott (1966) suggested 
that the following criteria (listed in a previous 
chapter) should be applied. For ease of reference 
they are repeated below.
11 Each test item should'*:-.
1. Detect motor disability attributable to 
neural dysfunction.
' 2. Barring gross impairment, not involve
greater muscular strength than would be 
common, to all subjects.
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3. Not involve fine discrimination of space 
or distance.
4. Be managed by children of inferior mental 
ability, if possible down to the 50 I.Q 
level.
5* Not penalise children of short stature or 
with other minor physical handicaps.
6. Not evoke emotional resistance.
7. Discriminate at about the point judged 
independently to be the-borderline of motor 
inpairment in everyday activities.
8. Minimise previous learning and cultural 
differences.
9. Involve a qualitatively different activity 
to that of the tasks of other age levels.
10. Be scorable as pass or fail with reasonable 
objectivity.
11. Test the sorts of motor co-ordination and 
,-t control for which the human organism is
naturally adapted.
12. Be reasonably specific to the area or aspect 
of motor ability it is intended to test.
13. Require only such apparatus as can be carried 
and can be used in a moderately sized room.
14. Not be unduly time-consuming.
15. Involve no risk of physical injury by falling, 
slipping etc.
As a result of applying the criteria to the 
Golnitz revision of the Oseretzky test, nineteen new 
tasks were substituted, six were modified, four 
transferred to other categories or age groups, and 
eleven original tasks retained unchanged. Thus, less 
than 4C?b of the items in the age groups 5 - 11 years 
survived the application of the criteria.
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Several points may be raised at this stage 
regarding the above criteria. Item number seven 
mentions n independent judgment1 in discriminating 
at the boderline of motor impairment. Little 
evidence is available to assist an examiner to 
make this type of judgment apart from instructions 
given by H. Moyes (Test Officer), who in a private 
communication, advised that impairment be judged 
by failure of an item two years below a subjects 
chronological age. No evidence of other criteria 
of impairment is presented, and it is hoped that 
the present work may help to show the relationships 
between the Stott Test and other “neurological” 
tests (B.G.T. M.F.D.).
Criterion twelve relates to the specificity 
of test items and presumably the test divisions. It 
is difficult to see how, without a detailed analysis, 
such item specificity may be achieved. One purpose 
of the present work is to present such an analysis 
and infer the reliability of the test structure. An 
inspection of the test items does perhaps reveal a 
reasonable face validity and content validity; the 
construct validity, however, will be discussed in a 
later section.
The following resume of the test items for 
ages 6, 7 and 8 illustrates the above points.
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Item 1. BALANCE♦
Age 6. Stand for 10 seconds with eyes open,
arms by the sides ,' . _ ~ : . '* .J first
on the right and then on the left leg.
Failure if the free leg touches the 
ground. Three attempts.
Age 7. Subject balances in a deep knee bend 
position, holding a stick overhead.
Heels should be clear of the floor and 
feet together. Failure if the feet are 
moved or heels touch the floor. Hold 
the position for 10 seconds. Three attempts.
Age 8. Subject stands on left leg with the sole 
of the right leg against the left knee.
Repeat on right leg. Position to be held 
for 10 seconds. Failure if the free leg 
is dropped or the standing foot moved, or 
the arms moved. Three attempts.
The content validity of ail three items is 
reasonably specific to static balance, but it would 
seem that the age 6 item allows considerably more free 
movement than allowed by ages 7 and 8.
Item 2. UPPER LIMB'CO-ORDINATION
Age 6. Subject bounces a standard tennis ball on 
the floor and catches the rebound, using 
both hands. The ball is bounced with one 
hand. When bouncing with the dominant hand 
the subject must make at least 5/10 successful 
catches, and 3/10 with the non dominant hand.
Age 7. Subject bounces a standard tennis ball on
• the floor and catches the rebound using the
same hand. When bouncing with the dominant 
hand the Subject must make 5/10 successful 
catches and 3/10 with the non dominant hand.
Age 8. Subject attempts to catch a table tennis
ball as it rebounds from a table. The ball
is dropped from a fixed height (2 ft) by 
the tester. Subject must make 2/3 successful 
catches. Test both hands.
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STOTT TEST/ ITEM ONE - BALANCE,
AGE 6. BALANCE ON ONE LEG
XT
AGE 7. BALANCE CROUCHING.
AGE 8. BALANCE ON ONE LEG, FREE FOOT 
PLACED AGAINST KNEE.
FIG. 8
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STOTT TEST. ITEM TWO - UPPER LIMB COORDINATION
AGE 6. BOUNCE AND CATCH TENNIS AGE 7. BOUNCE AND CATCH
BALL, W O  HANDED. TENNIS BALL SINGLE
HANDED.
AGE 8. CATCH A TABLE TENNIS HALL 
AFTER REBOUND.
FIG. 9 
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It would seem obvious to any teacher of 
Physical Education that there is a great deal of 
difference between ages 6/7 and 8. Although one 
may argue that all items require hand eye 
co-ordination and grasping actions; the perceptual 
processes involved in catching a ball bounced on 
the floor by the subject, and those required to 
11 intercept” a rebound at about chest height would 
seem to have only a superficial relationship.
Item 3. 'WHOLE BODY CO-ORDINATION
Age 6. Subject jumps. / \ a knee high cord with
feet together. Failure if cord is 
touched or removed, or feet not together. 
Three attempts.
Age 7. With arms by the side, subject walks heel
to toe along a line 6 ft long. Failure 
if the line is not followed, swaying 
occurs, or heel does not touch toe. Three 
attempts.. (Trials retained)
Age 8. Subject stands at the end of a line of
three bean bags, 18" apart on the floor, 
and then jumps sideways over them. He 
must finish in a balanced and controlled 
position. Subject then repeats in the 
opposite direction. Continuous jumps, not 
three separate, required. Three attempts. 
(Trials retained)
• Although all three items purport to measure 
whole body co-ordination, a simple inspection of the 
tasks produces some grave doubts as to their possible 
agreement within one factor. The age 6 item would 
seem to involve a degree of dynamic balance upon landing, 
not required to such a great extent in age 7, whereas
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STOTT TEST. ITEM THREE - WHOLE BODY COORDINATION.
AGE 6. JUMP A CORD.
O
AGE 8.
JUMP TIIREE BEAN BAGS.
AGE 7o WALK A LINE, HEEL 
TO TOE.
FIG 10 
o
age 8 requires a degree of rhythmical movement 
in order to achieve three consecutive “rebound” 
jumps. The importance of a sideways jump within 
a childs normal repertoire of motor skills is 
perhaps open to question and would not seem to be 
a particularly natural everyday activity.
Item 4. MANUAL DEXTERITY
Age 6. In front of the subject is drawn a
circular track. Using the preferred 
hand, the subject draws a continuous 
line round the track. Failure.if the 
line is broken or the boundary is 
crossed more than twice (two attempts; 
altered to three).
Age 7. Mazes. The subject follows the upper
maze and then continues directly to the 
lower maze. Failure if the dominant 
hand crosses the boundary more than 
twice, or the other hand more than three 
times. (Scoring retained)
Age 8. Touch the tips of the fingers with the
thumbs of the same hand rapidly in the 
order 1, 2, 3, 4; 4, 3, 2, 1. Time
allowed for each hand is 5 seconds. 
Failure if a finger is touched more than 
once or not at all. Two attempts each 
hand (Changed to three attempts).
The tests for ages 6 and 7 would seem to bear 
close agreement with one another, although even here, 
differing techniques in performance become obvious, especially 
when the movements implicit in drawing a circle as 
opposed to tracing a winding maze are considered.
The relevance of the age 8 item to the ages 6 and 7 
items seems superficial to say the least; there being
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STOTT TEST* ITEM FOUR - MANUAL DEXTERITY,
AGE 6. CIRCULAR TRACK
AGE 8. TOUCn TIPS OF FINGERS,
AGE 7. MAZES,
FIG 11
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a certainJ*rhythmical’1 element in performance of 
the age 8 test not required at either age 6 or 7 
tests •
The age 6 and 7 tests require an obvious 
degree of hand steadiness regardless of speed of 
performance, the age 8, however, involves a speed 
factor in addition to precise finger movement.
Item 5. SIMULTANEOUS MOVEMENT . v
Age 6. Subject holds a dessert spoon between
thumb and index finger with a .table 
tennis ball held in the spoon. Subject 
must walk five yards, turn, and return. 
Failure if the ball falls or ball or 
spoon are touched with the other hand.
Two attempts each hand. (Changed to 
three attempts each hand)
Age 7. On a table is placed a box with two rows
of seven counters on either side. Counters
must be picked up simultaneously with thumb
and forefinger from each side and 
simultaneously laid in the box. Ten seconds 
allowed. Three attempts.
Age 8. Subject grips an 8n x 3” x %n wooden board
with square bea'd placed on the top edge. 
Subject must walk five yards, turn and 
return. Failure if the bead is dislodged 
or walking interrupted. Two attempts each 
hand (Changed to three).
' The obvious difference between the skills required 
for the age 7 test as opposed to the ages 6 and 8 tests
would raise serious questions as to the validity of all
three items within the presumed factor of simultaneous 
movement. The content of the age 7 item would seem to 
answer a simultaneous movement task rather better; with 
a higher content validity, than the age 6 and 7 tests.
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STOTT TEST, ITEM FIVE - SIMULTANEOUS MOVEMENT.
o   _____
AGE 6. BALL IN A SPOON* AGE 7. PLACE COUNTERS IN A BOX.
AGE 8. BALANCE A BEAD ON A BOARD.
FIG. 12
225
The importance and relevance of simultaneous 
movement in everyday activities is questionable, 
although it may be that failure to co-ordinate 
movements of this type are diagnostically 
significant in testing for motor impairment,
THE CORNWELL GROUP TEST'OF INTELLIGENCE
The test was devised byCornwell (1952). for 
oral group presentation to children between the 
ages of 8 and 11.
A complete account of the construction, 
standardization, and validation of the test is 
contained in a thesis lodged with the University of 
Birmingham Library, and a short review is contained 
in the Educational Review of the University; Vol.3, 
No.3.
Briefly, the test represents the residue from 
too items applied to 900 children in preliminary 
investigations. The remaining 270 items were reduced 
to 100 in five sub tests, after analysis of sub test 
intercorrelation. The test was later applied to 4150 
children between the ages of eight and twelve and 
standardization was carried out by the method 
established by Thomson (1932). Norms were derived by 
using standard scores centred on 100 with a standard 
deviation of 16*5.
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The test was administered to a sample of 
200 children aged 9 to 11 and Pearson product 
moment correlation co-efficient of .907 
(+ .051) was obtained with results of the Richardson 
’’Simplex Junior Intelligence Scale” .
The split half (Rulons formula) reliability 
co-efficient was .953 (+ .004) using 200 children 
from a single year group. (Meein I.Q 99.8; S.D. 17.06)
The test consists of five sub tests,; each of 
twenty items. Each sub test takes from fifteen to 
twenty minutes to administer, each being given on a 
separate occasion enabling short but sustained effort.
The responses to the test items consist in four 
cases of simple letters, ticks, crosses, or.ticks and 
crosses. In the case of sub test 5 letters, numbers 
or ticks etc., may be required’.
The simple response requirements, and the oral 
group presentation of this test justified its 
inclusion in an exhaustive and time consuming battery, 
involving subjects whose reading ages were in some cases 
too low to cope adequately with written tests.
THE FROSTIG DEVELOPMENTAL TEST 
OF VISUAL PERCEPTION.______
The developmental test of visual perception 
(Frostig 1966) was developed from the authors 
observations of the frequency with which limitations 
or impairment of ability to perform different visual
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perceptual tasks was related to learning
difficulties. ■
Frastig (1966) states : -
1 the perceptual handicaps appeared to be 
closely related to brain damage, in others 
to emotional disturbances, and in many 
merely to a developmental lag.1
The value of the test in the present study lies in
• the fact that it may be administered as a group
test, and, that the authors intent was to'develop
a diagnostic tool relating to brain damage.
Frostig (1966) goes on to observe:-
11 it was necessary to develop a new instrument 
and to administer it to normal children at 
various age levels- before using it to explore 
the relationship of visual perceptual 
disabilities to* problems of school learning 
and adjustment, brain damage and other 
handicaps51.
The test measures five "operationally-defined5* 
perceptual skills as follows
Test 1. Eye Motor •
Co-Ordination The drawing of straight 
curved and angled lines
Test 2. Figure Ground A test involving "shifts 
of perception" involved 
in outlining figures in 
increasingly complex
situations.
Test 3. Constancy of Shape A test involving the 
recognition of figures, 
presented in a variety of 
positions; often "hidden5* 
and their discrimination 
from similar geometric 
figures.
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Test 4. Position in Space. A test involving
.the discrimination 
.of reversals and 
rotations of figures 
presented in series.
Test 5. Spatial
• Relationships. A test involving
the analysis and 
reproduction of 
simple forms and 
patterns.
Although the test authors hope that the test 
may be of use in identifying cases of organic 
dysfunction, they acknowledge that it does not 
necessarily presume to measure brain damage, and, 
that more research is needed before the patterns of 
visual perceptual disturbances due to brain damage 
may be identified. The present study may be able 
to shed some light on this matter.
9
Test Materials and Administration
‘ The test materials consist of a 35 page 
expendable booklet, the back cover of which serves 
as a scoring sheet. There are eleven demonstration 
cards showing a triangle, rectangle, cross, moon, 
kite, star, oval, circle and square, for use in 
tests 2 and 3; two series of schematic figures 
(test 4); and three transparent scoring templates 
for use in judging the accuracy of lines drawn in 
test 1.
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The subject requires only four pencils of 
different colours.
The test may be administered in the class­
room situation in groups up to 40 in number, 
providing there are two invigilators who are 
familiar with the test and who can circulate 
among the children.
A scoring manual is provided with clear and 
full examples in addition to the criteria laid 
down. Conversion of raw scores to age equivalents 
is provided for, and these may be in turn converted 
to scaled scores. The scaled scores may be used in 
computing a '‘perceptual quotient” .
THE BENDER GESTALT TEST (KOPPITZ 1963)
The Bender Gestalt Test consists of nine figures
9
based on those used by Wertheimer (1923), who used 
them in order to demonstrate the principles of Gestalt 
Psychology as related to perception.
The interpretation of Bender Gestalt test scores/ 
protocols has been of considerable interest. The test 
has been used as a projective test (Hutt 1950, I960), 
and as a clinical tool (Goldberg 1959; Peck & Storms 
1958; etc.) Several developments of the original 
scoring system devised by Billingsea (1948) have been 
made, many designed for use with adult psychiatric
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BENDER GESTALT TEST DESIGNS,
- o ° • 00 0 .
0 0 o 0
0 o n ° 0 °0 0 0 0 o o
• •
■ •  ■ *  •
• . . c c *
• •. *
• #
-X
FIG. 13 
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patients, or with retarded institutionalised 
children; not for young children of normal 
intelligence. Koppitz (1964) lists many 
references relating to developmental and research 
studies dealing with the Bender Gestalt Test, and 
points out the diversity of the Bender studies 
with children.
The Develoomental Scoring System
From an observed twenty outstanding deviations 
and distortions, seven were included in the Initial 
Scoring System for Children, which in 1959 was 
revised in terms of a sharpening of individual 
scoring items.
The scoring categories retained were:- 
Distortion of Shape.
Rotation.
Circles for dots.
Perseveration.
Integration of parts 
Angles in curves 
Incorrect angles.
The Developmental Bender Scoring System consists 
of thirty scoring items which are scored as either 
present or absent. Figures may be scored on 2 (Figure 
8 and 4), 3 (Figures 1 and 2), or 4 (Figures A, 3, 5, 
6, 7) of the above criteria (Koppitz 1963).
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Reliability
Millder, Loewenfield, Linder and Turner 
(1962) reported highly significant correlations 
(.88 to .96) between independently scored Bender 
protocols.
i
Koppitz (1964) reports highly significant 
test re-test results using Kendallfs Rank 
Correlation Coefficient. The test re-test was 
performed on kindergarten children from lower and 
middle socio-economic areas. All correlations 
were found to be statistically significant at the 
.001 level.
The Developmental Scoring System and 
Diagnosing Brain Injury.____________ _
It seems to be generally accepted that the 
Bender Gestalt Test is an aid in the diagnosing of 
neurological impairment. Hanvick (1953), Shaw and 
Cruikshank (1956) and Wewetzer (1956; 1959) 
investigated the Bender Gestalt Testfs relationship 
to brain injury in children and there appears to be 
a good deal of agreement regarding the usefulness of 
the Bender Gestalt Test in diagnosing brain injury. 
Evidence exists to show that the Bender protocols of 
groups of brain injured individuals regardless of age 
and I.Q differ significantly from those of non brain 
injured individuals who are not psychiatric patients.,
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The following deviations have been mentioned 
as being diagnostically significant for brain 
injury by a variety of researchers concerned with 
subjects suffering from permanent brain injury:-
Rotation
Perseveration. .
Distortion.
Fragmentation.
Substitution of lines for dots.
In a study of 384 subjects aged 5 to 10 (103 
brain injured) the total Bender scores of brain 
injured and non brain injured subjects were compared. 
Chi-square values were computed and found to be 
significant at the .001 level. The results as 
reported by Koppitz (1963) are given below.
BRAIN INJURED.
----------------------------------  - —  -
CONTROLS
Age. Good Poor 
Bender. Bender.
Good
Bender.
Poor
Bender.
P-
5&6. 0 10 23 7 < .001
7 5 21 58 16. ii
8 2 28 64 16 ii
9 2 21 46 17 it
10
'
0 14 23 11 it
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In a summary of the table Koppitz (1964) 
urges some caution in the interpretation of 
total Bender scores; she states
!,Thus it appears that children with 
neurological impairment have only rarely, 
above average Bender scores. Good Bender 
scores may be found among brain injured 
youngsters who have difficulty primarily 
in auditory perception rather than in 
visual motor perception, who are able to 
compensate for malfunctioning in visual 
motor perception, or who have.outstanding 
artistic ability1 .
In considering the spread of Bender scores 
for children with neurological impairment, Koppitz
figures for 7> 8 and 9 year olds as follows
Age. Mean. + 1 S.D.
7 4.5 8
8 . 3.5 7.5
9 2.0 4.0
In the above study it was found that 69 out of 
the 114 brain injured children included, scored more 
than' 1 S D above the mean score for their respective 
age groups, i.e., greater than 7.5 for eight year olds.
With regard to the relationship between Bender 
scores and I.Q, evidence is presented indicating that
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the relationship is not very close; (chi square = 
3.79 significant at the 10% level). Koppitz 
states:-
■'■"It seems safe, therefore, to conclude 
that brain injured children as a group 
tend to do poorly on the Bender Gestalt 
Test regardless of their I.Q scores’1
In summary, Koppitz states
"the Bender Test has considerable value 
for diagnosing neurological impairment 
in children aged five to ten1- .
The Teacher Assessment Questionnaire.
In any school situation where the assessment 
of learning difficulties is of importance, the 
evidence of the class teacher may add to the 
identification of problems and related factors.
Stott (1966 b) recognised the possible value 
of teacher assessment and reported a rough test of 
validity between the Stott test of motor impairment 
and a dichotomous assessment made by a physical 
education teacher. The results indicated that 
assessment by school staff may be of value; the 
teacher assessment agreeing closely with the items 
measuring gross co-ordination of the whole body 
(P < .001), but poorly with those of more specific 
abilities such as manual dexterity.
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Behavioural disturbances and impairment was 
investigated by Bamber (1965) and -’Whiting et al 
(1970). Stott (1966 a) noted the strong 
associations between delinquency and motor 
impairment, a point emphasised by Whiting et al 
(1970) and Morris and Whiting (1971). In view of 
the above evidence, the range of behavioural 
disturbances associated with motor impairment is 
worthy of investigation in the classroom situation; 
especially in the light of Stotts (1966 b) comments
“Probably the only means of establishing 
this point (cut off point for impairment) 
with reasonable reliability and consistency 
will be for trained observers to spot those 
children among representative groups who 
show any degree of. motor handicap during 
physical exercise, free play or sport1*-.
In the absence of 11 trained observers1* the class 
teacher, responsible for the class over a wide range 
of activities, is perhaps best placed to make 
observations and decisions regarding a particular 
childs difficulties or problems. The questionnaire 
was drawn up giving consideration to gross and fine 
manipulative skills in addition to behavioural 
factors.
Each class teacher Contributing to the research 
was asked to nominate children who, in their opinion, 
showed a noticeable degree of clumsiness or whose
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physical skills gave rise to some concern. Having 
nominated subjects at the beginning of the testing 
programme in the school, the class teacher was only 
then asked to complete the questionnaire. It was 
felt to be inappropriate to ask teachers to consider 
all the factors listed on the form and then fit 
subjects to them; this would have proved to be a 
•laborious task and would by inference have class­
ified the subjects as impaired; this holds 
particularly for the behavioural categories which 
may or may not have links with impairment, although 
current evidence seems to. indicate this.
The questionnaire is given on the following
pages.
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MOTOR IMPAIRMENT. TEACHER ASSESSMENT
SCHOOL.
NAME.______
TEACHER’S NAME
SEX. AGE
Please tick the appropriate box
1. Upper limb co-ordination
Well Acceptable
!
Inconsistent
. ... u ,
I
Poorly |
co-ordinated average. below average ■co-ordinated
A. Throwing (balls) i
i
j
B. Catching ! 1
C. Striking (batting) i
\
i
2 t Gross body co-ordination
A. Walking.
B. Running.
C. Jumping. 
D« Hopping. 
E0 Balance*
Agile, well 
controlled
Acceptable 
average•
Below ave. 
ungainly.
Poor control] 
very wnga in 1;
i
1
t
i
I
i
i
i
Manipulation of small objects
A. Picking up small 
objects.
B.Handling small 
objects.
C« Crafts - use of 
scissors, pencils, 
tracing etc.
B. Handwriting.
Befi, precise!Average 
(control.
jBelev ave.
* inconsistent.
Clumsy, poor 
control
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(xeneral
Good. Above ave, Below avoc Poor, definite 
defects
A. Speech,
B, Eyesight, 
C« Posture* 
Z). Hearing,
•r
■!
i
r :
5, Habits and nervous disorders ! .
A, Fidgets, 
(hyperactive)
B, Distractible.
G. Difficulty in 
initiating 
actions,
D, Hand tremors 
twitches.
Ec Complains of 
headaches, 
pains in limbs.
None. Hardly any,| Noticeable, 
no cause fcr cause for 
.concern. i concern.
Host marked.
■1!
•
1
i ■ ... I
#
i 1
vj
6, Problem behaviour •
A c Hostile.
B. Uncooperative.
C. Exhibitionist.
D. Sly, causes
trouble.
None. Hardly
noticeable.
Noticeable, 
cause for 
concern.
Most marked, j
I
I
E.' Forgets or
loses materials.
% *
F. Introvert, shy, 
social isolate. i J
Any other ccnEienta re.qardiiif; the child.
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THE GIBSON SPIRAL MAZE TEST
The Gibson Spiral Maze Test is a psychomotor 
test, and such tests are concerned with measuring 
speed, accuracy and general types of peoples 
muscular responses in relation to carefully controlled 
stimuli.
Historical background.
It has long been known by psychologists that 
psychomotor performance is'associated with emotional 
adjustment. Davis (1948) showed in the course of 
experiments with-pilot.'trainees, associations 
between psychomotor performance and both neurotic 
syndromes and accident proneness. Venables (1955) 
and Anthony (i960) found that those who exhibited 
abnormal psychomotor responses were in many cases 
involved in or were convicted of criminal offences. 
Willet (1964) showed that accident prone motorists 
were not merely unlucky, but that the motoring offender 
is more often than by chance to have a criminal record 
involving non-motoring offences. Perhaps one of the 
best known psychological instruments of the paper and 
pencil type is the Porteus Maze, a test of intelligence 
first originated in 1914.
Although the Porteus Maze test is a well tried 
instrument it has been criticised on various counts.
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First it is lengthy to administer, and the 
qualitative (Q) score is obtained- only by some 
complex scoring. The Gibson Spiral Maze owes 
its direct ancestorship to the Porteus Mazes, 
and arose out of research covering aspects of 
the latter tests.
The results of a test designed to produce 
responses due to ’pressure situations1 must be of 
interest in any study of motor skills. That 
children are placed under stress in school cannot 
be disputed, if not in the classroom then on the 
playing field, playground or gymnasium, stress or . 
anxiety in the form of competition, taunts or ridicule 
undoubtedly affects performance. Cratty (1967) 
qualifies this point of view when he states:-
9
”one person may evidence marked physiological 
changes of various kinds, while no marked 
. performance fluctuations are noted. Others 
may undergo perceptual distortion while 
seeming to perform well and perhaps showing 
no measurable physiological changes’1
Support for the hypothesis that stress may 
contribute to a breakdown in perceptual motor 
performance may be found in the work of Parsons, 
Phillips and Lane (1954) who found that muscular 
steadiness was retarded when stress was introduced.
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McClelland and Apicella (1947) found that stress 
produced less efficient performance in a complex 
card sorting task.
Whiting Johnson and Page (1969) found that 
the Gibson Spiral Maze (slow and careless category) 
successfully screened 10 year old children whose 
results on a wide battery of neurological, personality 
and physical tests were significantly low. The present 
work would hope to show whether these findings hold 
good at the 8 year old age level.
Test Materials
The maze is a design printed on a large card.
The design is spiral in form and presents a pathway 
135cm. in length bordered by heavy black lines. The 
pathway is V2 in. wide and obstacles are scattered 
along the pathway, 56 in all, each being 1/5th of an 
inch .across. The design is not a true maze because 
it has no blind alleys or alternative pathways, thus 
tracing the way through is not a matter of intellectual 
ability. It is not intended as a test of intelligence.
A fresh card is used for every subject and there 
are spaces for the name and age of the person tested, 
and for the two scores derived from the test, Time (T) 
and Error (E).
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Validity of the test.
•In th'e earliest published study concerning 
the Spiral Maze, Gibson (1964) showed that amongst 
boys in primary schools performance on the maze 
related to their degree of "naughtiness" in school 
as rated by the class teachers. The results of 
this experiment are as follows.
From a total of 100 children the class teachers were 
asked to classify the boys into the following 
categories.
Good boys 
Average boys 
Naughty boys.
Gibson classified the results of this test by zones 
on the plot of the Time, and Error scores into...Quick 
and accurate, Quick and careless, Slow and accurate,
Slow and careless. The results are set out below.
ZONES ON THE PLOT OF T &.E .SCORES
TEACHERS 1  ;___________________ ___________________ _____
BEHAVIOURAL QUICK & QUICK & SLOW & SLOW & 
CATEGORY. ACCURATE CARELESS ACCURATE CARELESS TOTAL
Good Boys 29.5 24.6 32.8 13.1 100
Average Boys 16.4 31.3 33.6 18.7 100
Naughty Boys 10.2 40.7 25.4 23.7 100
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The reader may draw his own conclusions from these ' 
figures, but it may be worth noting that the greatest
single percentage of, any grouo is 40.7%. This falls
'oQ . ‘
as can be seen in the naughty boy group who were 
deemed to be quick and careless. It may also be 
noted that good boys clearly predominate in the slow 
and accurate zone. Gibson found that the Error Score 
clearly discriminates "good boys" from "naughty boys” .
At a later stage involving studies with Factory girls, 
Approved school girls, Secondary schoolboys, Junior 
boys in a remand home, Boys in a Senior Approved School 
and Maladjusted schoolboys in Primary and Secondary 
schools, Gibson found that performance on the maze, and 
the Error score in particular, discriminated 
significantly between these groups, postulating that 
performance on the maze demonstrates the delinquent 
tendency to sacrifice accuracy for speed. The worst 
group in this respect was the Senior Approved Schoolboys 
who, of course, had the most seriously delinquent 
tendencies.
Method of scoring.
A. Time score. This is simply the time in 
seconds which the subject actually spent in tracing, 
the maze, which is recorded on the score card as T.
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B. Error score. The cards are scored for 
error as follows.
Every time the pencil touches but does not penetrate 
into the side of an obstacle or the lines at the 
sides, write the figure 2 by the error. Penetration 
is defined as going over the printed surface more 
than half the thickness of the pencil line.
If the pencil line remains in contact with the 
printed line for some distance, score 1 error for 
every inch of contact.
If the pencil line penetrates over a distance, score 
2 points for every inch of length.
All figures are totalled and written on the cards in 
the spaces provided for T & E.
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DRAW A MAN TEST 
It has been postulated that the ’body image’ .
(Witkin 1962) of a subject is likely to-show some 
relationship with motor ability; (Whiting 1973;
Kephart I960; Poulton 1957) and in particular, 
that training in the establishing of directionality 
and orientation in space may aid children with 
learning disabilities (Hill et al. 1967), Witkin 
(1962) established a continuum of field dependency 
that ranges from complete field dependency to field 
independency. It is surmised that a very small 
proportion of the population fall at either extreme.
Various characteristics may be attributed to field 
dependent persons, in brief they are:-
Dependence upon surrounding patterns 
in the environment for many facets 
of physical abilities, whereas a 
field independent subject may be 
able to orientate himself in space 
without the assistance of these 
external factors. (Witkin 1962)
The development from dependence to independence (differentiation) 
is paralleled by progress towards a more sophisticated 
body-concept or body image. The characteristics of 
developed differentiation may be identified in various
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areas of psychological activity. These 
'characteristics are different expressions of an 
underlying process of development towards greater 
psychological complexity. On this basis one may 
expect’that individuals are likely to function at 
a more differentiated or less differentiated level 
in many areas of psychological activity, making for 
self-consistency in behaviour.- Thus, one may 
anticipate an association among such characteristics 
of developed differentiation as an articulated way 
of experiencing the world; a differentiated self, 
as reflected particularly in an articulated body 
concept and a developed sense of separate identity; 
and the use of structured, specialised controls and 
defenses.
There are several established personality . 
characteristics that can be linked with field 
dependence/inddpendence, they being that a field 
independent persons can distinguish items from their 
context and can function with a fair degree of autonomy, 
they are often self directing and independent and 
could be compared to the extrovert as portrayed by 
Eysenk (1957). Field dependent people.by contrast 
have difficulty in distinguishing an item from its 
context and are often under the illusion that they
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are smaller than they actually are. They tend 
to poor performance of tests of figure drawing 
such as the draw a man test and frequently 
have a poorly developed concept of their own 
body. -Kreiger (1962) takes the point relating to 
the difficulty field dependent subjects have of 
distinguishing an item from its context when 
implying that field independency is related 
positively to spatial adjustment in tennis. The 
work of Poulton (1957) who described ’open1 and 
’closed’ skills and the personality types associated 
with each supports Kreiger*s findings. It must be 
seen, therefore, that the image a person has of his 
own body will be an underlying factor in his 
performance of perceptual motor skills, an area 
worthy of study investigation in this study.
The assessment of body image or concept is 
described by Witkin (1962) and Brooke and Whiting 
(1973). They list the following measures as being 
in use:-
1. Embedded figures test
2. Rod and Frame test
3. Draw a Man test .
4. Barrier index test
5. Semantic differential test
6. Finger opposition test.
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Witkin (1962) produces experimental evidence 
to show a significant correlation between the first 
three tests listed (p<.Ol). The rod and frame 
test requires elaborate apparatus, and, Clarke, 
Johnson, Morris and Page (1968) found that the 
Jackson shortened form of the embedded figures test 
was exhausting both for subject and examiner. 100 
normal 10 year old children were tested, and the 
average administration time for the 12 figures was 
one hour. These two tests were, therefore, rejected.
Clarke etal (1968) reported a correlation of 
.61 (p <-.01) between the short form of the embedded 
figures test and the draw a man test; and in view of 
the criticisms outlined above, the draw a man test 
was selected.
Administration and Test Materials
Materials needed for the test are minimal and 
consist only of a clean sheet of paper and a pencil. 
The child is simply asked to draw a human figure (man 
woman, boy or girl) and having finished it is asked 
to draw a figure of the opposite sex on the reverse 
side of the sheet of paper.
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Scoring Procedure.
Witkin (1962) outlines the following categories
for figure ratings.
Most sophisticated drawings. These manifest 
a high form level (e.g. a waistline, hips, shoulders, 
chest or breasts, shaped or clothed limbs, etc.) 
appendages and details represented in proper relation 
to body outline, with some sophistication in the mode 
of presentation appropriate, even imaginative 
detailing (e.g. as in a young girl in evening clothes, 
well dressed man with cigarette, etc.)
2. Moderately sophisticated drawings. Drawings 
which show a definite attempt at role assignment 
(with regard to age, activity, occupation etc.) 
though adequate detailing, shaping, clothing; with 
continuity of outline (i.e. the integration of parts) 
attempted.
3. Drawings intermediate in level of sophistication. 
Drawings in which the identification of sex is evident, 
attempts at shaping and a fair level of integration of 
parts are manifest and a minimum of detailing is 
present.
4. Moderately primitive drawings. Drawings which 
essentially still lack features of differentiation of 
form, integration, identity, or detailing; however, 
these drawings show slightly more complexity in some
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respect (e.g. presence of one body part that is 
unusual in most primitive drawings such as the 
neck).
5. Most primitive and infantile drawings. These 
manifest a very low level of form (e.g. ovals, 
rectangles, sticks, stuck on to one another); no 
evidence of role or sex identity (same treatment of 
male and female with, at the most, difference in 
hair treatment, no facial expression, little shaping 
or clothing).
In the past, difficulties have sometimes been 
experienced in placing individuals in one of the 
above categories (Clarke et al 1968). It was decided 
therefore that four extra categories would be inserted, 
leaving 1 and 5 as the upper and lower limits. The 
new system, therefore, retained the criteria for 1 - 5  
ratings and merely extended the distribution of scores 
over 9 scales as follows:- 
Grade
1. Most sophisticated )
2. V
3. Moderately sophisticated 1 Thus
4. ) allowing
5. Drawings intermediate in level) a more
6. ) sophist-
7. Moderately primitive drawings ) icated
8. ) rating
9. Most primitive drawings. ) scale.
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THE MOTOR IMPERSISTENCE TEST 
Indications throughout the history of testing 
for'brain-damage.indicate a close relationship with 
motor impersistence (Lewandowsky 1907; Pineas 1924;
Zutt 1950; Joynt Benton and Fogel 1962; Garfield 
1964). Assuming the close relationship reported by 
the researches given above; a fairly high correlation 
with the Stott test could be hypothesised if in fact 
the Stott test measures motor impairment due to 
minimal brain damage. As the test had shown 
associations with other tests of brain damage (M.F.D); 
personality and body image (Clarke, Johnson, Morris,
Page 1968) its inclusion was felt to be justified.
Test Administration
The seven simple tasks are given below; they are 
regarded as reasonably standard in a test for motor 
impersistence.
Task 1. Keeping eves closed.
The test is to keep the eyes closed for a 
period of 20 seconds. Two trials are given 
and the score is the number of seconds the 
eyes are kept closed. A perfect score is 
therefore 40, and any child scoring less is 
deemed impersistent on this task. The same 
method of scoring is used in the next two tasks.
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Task 2. Protruding tongue (Blindfolded ).
The score is the length of time the 
patient can keep his tongue out while 
blindfolded. Two trials of 20 seconds 
are given.
Task 3. Protruding tongue (Eves open).
The same as for task 2 without the 
blindfold.
Task 4. Fixation of gaze in lateral visual field 
The patient and the examiner sit facing 
each other, knees almost touching. The 
patient is told to watch the Examiner’s 
finger and keep watching it. (He has his 
head fixed in the mid line position, during 
this task). The Examiner extends his 
finger vertically at approximately 45° in 
the horizontal plane of the patient’s 
right visual field for a 20 seconds period. 
Examiner then repeats the trail to the 
patient’s left visual field. Each time the 
subject looks away a point is scored.
Total score = the number of time the Subject 
looks away from the finger. A score of 3 or 
over is deemed to be impersistent.
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Task 5
Task 6
Keeping mouth open.
The Subject is instructed to keep his
mouth open for as long as possible in
two 20 seconds trials. The total
score is 40 and the scoring criteria
are as for tasks 1 , 2  and 3.
Fixation of experimenter’s nose during 
confrontation testing of visual fields.
The seating arrangements are as for
task 4. The subject is instructed to
look at Examiner’s nose and keep.doing
so.' Examiner gradually brings a finger
round the Subject’s face until it reaches
a point at a 45° angle in the horizontal
place of his right or left visual field.
The Subject must say when he sees the
finger out of the corner of his eye. Each
time the Subject looks away from the
Examiner’s nose a point is scored. Two
trials of 20 seconds each are given for
each visual field. Total score is the
number of points scored on all four trials.
Any child scoring more than 13 is deemed to
be impersistent.
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Task 7. Saying faahr.
The Subject is told to take a deep breath 
and say *aahf as long as possible. Two 
trials are given and the score is the sum 
in seconds of the duration of the sound 
in both'trails. Any score of less than 
15 for ten year olds and 13 for nine year 
olds was deemed to be an impersistent 
score.
On the above tasks, any child getting two or 
more impersistent scores is deemed to be suffering 
from motor impersistence..
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MEMORY FOR DESIGNS'TEST-
The Memory for Designs Test (M.F.D) was 
included due to it’s general acceptance as an 
accurate indicator of brain damage. Stott 
(1966) in discussing the formation of his test 
of motor impairment states that the test should 
measure impairment '’reasonably attributable to 
neural dysfunction’. In order, to test this 
hypothesis the M.F.D was included in the battery.
The test is reported as being suitable for children 
aged 8 .5 years.
The M.F.D involves the presentation of simple 
geometric designs (given overleaf Fig.14) and the 
reproduction of these by the subjects from immediate 
memory. The test was first reported in 1946 and 
again in 1948 by Graham and Kendall. The test has 
continued to be used as a clinical and research 
measure since these dates. A revised general manual 
with details of standardization and scoring examples 
appeared in I960 (Graham & Kendall I960).
It would be pointless to reproduce in detail 
the M.F.D manual, an abbreviation of the more relevant 
sections is, therefore, given below for reference 
purposes.
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M.F.D. TEST-DESIGNS
10
8
11
AJ”LN
12
14
15
( NOT TO SCALE )
FIG.14.
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Test Materials
The test materials consist of 15, 5 inch 
squares of cardboard on each of which is printed 
in black one of the fifteen designs shown in 
figure..14 . All designs are composed of straight 
lines since it seemed likely that errors in 
reproducing curved lines would be more difficult 
.to score objectively. Designs'are presented 
singly in order to minimise the effect or influences 
of general intelligence.
Administration and Scoring.
The general procedure is to present one of the 
15 designs for five seconds. After five seconds 
exposure, the design is withdrawn and the subject is 
asked to draw one like it. The total score is the 
sum of the scores for each design. The score for 
each design is determined by the number and kind of 
errors made so that the higher the score the poorer 
the performance. In brief, a score of 0 is given to 
a satisfactory reproduction or to an omitted or 
incomplete reproduction. A score of 1 is given when
more than two easily identifiable errors are made
'^
but the general configuration retained;' A score of 
2 when the reproduction does not satisfy the above 
criteria; and a score of 3 when the figure is reversed 
or rotated.
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Validation Material.
-The distribution of scores in the original 
matched control and brain damaged group (Graham 
and Kendall 1946) are shown in Table 6 
The mean score for the matched control group was 
3,47. S.D'= 4.62- while that of the brain damaged
group was 11,54 S .D = 7.3. Both the differences 
in variance and in mean scores are significant at 
better*than the .01 level.
The divisions drawn on the table were 
determined roughly by inspection of the distribution 
of scores of the original validation groups (1946), 
and by the conviction that it is more important to 
exclude false positives than to reduce false negatives.
SCORES CONTROLS BRAIN
. •_____... DAMAGED
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
1
1
CRITICAL
AREA
2
1
4
1
1
1
2
2
2
4 
3
5(4%) 5 (5Q?0
1 
2
2 6 0
(Cont!d ..)
SCORES CONTROLS BRAIN
- DAMAGED
11 1 2
10 2 2
BORDERLINE 9 2 3
8 2 4
AREA 7
6 |  (17%)
1
7
5 1 1
{29%)
4 8 4
NORMAL 3 11 ■ 3
AREA i !o i <21^
0 19 6
N = 7 0  N = 70
TABLE.6
The number in parenthesis is the % of the 
distribution falling within the area marked off by 
the horizontal line’s. In a cross validation study 
at a later date, highly similar scores and 
differentiation were obtained, these being -
Control. Brain damaged.
Critical area 5 = 3 %  14 = 42%
Borderline area 32 = 19% 12 = 26%
Normal area 131 = 78% 7 =21%
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The authors of the test give formulae 
for obtaining difference and prediction scores 
which are designed to control for variation in 
age and vocabulary level. To calculate these 
scores‘it is necessary to have either the child’s 
score on the Stanford Binet or the W.I.S.C 
intelligence tests, or the W.A.I.S. or Wechsler 
.vocabulary scale.
Percentage of Subject’s scoring in the critical 
area in four investigations.
Investigator Control Br.Damaged
N. e//o N.
Graham & Kendal (Diff.scores ) 535 5.0 243 46.5
Garret, Price & Deabler, (Raw) 30 0.0 40 67.5
Hunt (Raw scores) • 14 0.0 * 14 57.1
Howard & Shoemaker (Diff.scores ) 21 19.0 21 43.0
The wealth of validation materia1 presented in
the manual shows that performance on the M.F.D 
significantly differentiates brain disordered subjects 
from those without brain disorder, and, while there 
is a considerable overlap in the score distributions 
of these groups, the overlap is largely due to 
failure to detect brain disorder rather than to mis- 
classification of normal subjects; as Graham and 
Kendall (i960) point out:-
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"with a poor performance, there is a 
high probability of brain disorder;
. but a good performance does not 
indicate an intact brain".
Block Designs and Object Assembly (W.I.S.C)
Evidence has been produced (Wechsler 1958; 
Williams 1970; Whiting 1971) indicating that the 
reproduction of designs may have links with brain 
damage. Williams 1970 relates poor performance on 
the W.I.S.C block designs sub test with constructional 
apraxia, and Wechsler (1958) has indicated that poor 
performance may be linked with brain damage, a view 
supported by Whiting (1971). A link between block 
designs performance and performance on the Frostig 
Developmental Test sub section 5 may be postulated, 
as may a link v/ith object assembly.
Details of the Wechsler Intelligence scale 
validation and standardization material would be 
superfluous to the present work as the details are 
concerned with intelligence testing and not screeing 
for brain damage.
. The block designs sub test involves the 
reproduction of coloured designs (red and white) from 
models or illustrations; the following are three 
such designs.
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Design A. Design 1, Design 4.
The object assembly sub test was included as 
an experimental measure based on the hypothesis 
that constructional tests such as the block designs 
test and the Frostig sub test .5 may relate 
positively to a test involving the recognition of 
relationships and construction of models. The test 
involves the construction of 4 fjig saw1 designs 
with a time limit of 120 seconds to 180 seconds. The 
models are those of a boy, horse,, face and motor car, 
and the number of pieces involved is 5, 4, 8 and 7 
respectively. The reader is referred to the'W.I.S.C 
Manual, Wechsler (1949) for full details of the sub 
tests concerned.
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The Socioqram.
* The hypothesis that competence in physical 
skills carries status significance has been 
discussed in previous chapters. There is opinion 
that the effect of this status significance may 
be considerable at particular stages of childhood 
(Jones and Bayley 1950; Hewett et al 1970; Morris 
and Whiting 1971).
In order to test this hypothesis, two 
sociograrns were administered to the control group; 
the first concerning friends in a general sense, 
the second concerning the subjects choices for 
games partners.
In general, the need for secrecy was urged
and maintained, and the same questions were asked
r
to both classes. In questioning for friends, the 
subjects were asked to list the two persons they 
would most like as friends in the class without 
indicating in any way who was being chosen. The 
question for ’games responses’ asked the children 
to list the two people in the class that they would 
most like, or choose, to play games with (football, 
cricket, rugby for boys) (netball, rounders or ball 
games for girls).
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CHAPTER 9 ,
TEST BATTERY RESULTS'
The following chapter re'ports the results of all tests 
in the battery for both groups, although results are reported c 
separately for the control and E.S.N. groups.
The following abbreviations will be used in this and 
following chapters.
B.D.E.S. - Block designs (W.I.S.C. sub test)
O.A.S. - Object Assembly (W.I.S.C. sub test)
M.F.D. - Memory for designs test
B.G.T. - Bender Gestalt test
M.I.P.S. - Motor Impersistence test
D.A.M. -Draw'a Man test
F.T. 1-5 - Frostig development test of visual
perception, sub tests 1-5
F.T.P.Q. - Frostig development test of visual
perception, perceptual quotient
S6/7/8 1-5 - Stott test of motor impairment, sub
tests 1-5, ages 6/7/8
S6/7/8 Y.S. - Stott test of motor impairment, year 
6/7/8 total scores.
T.I.S.C. - Stott test of motor impairment, total
impairment score.
S.P.T. - The Gibson Spiral Maze test; time score
S.P.E. - The Gibson Spiral Maze test; error score
Correlation coefficients are reported for each test to avoid
tedious and constant reference to the total matrix; and
general relationships established are outlined.
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The following tests employ classification of results 
into distinct categories, and in these cases reference is 
made to classification or 'failure1 so that the screening of 
failures may be investigated.
M.F .D . - Classification by raw scores •into--1* normal'1
"borderline” and "critical" areas follow­
ing Graham & Kendall (i960).
B.G.T. —  'Failure* or classification as 'brain
damaged' from raw scores following 
Koppitz (1963), who reported a score of
7.5 as being I.S.D. above the mean of
3.5 for a group of 114 brain injured 
children.- For the purposes of this 
study, a score of 7 was applied which 
equalled 2 S.D. above the mean score of 
the control group.
M .I.P.S . -Classification as "impersistent" by a
score of 2 or more items failed 
(Garfield 1964).
S,P.M.T./E. - Classification by regression lines into
four divisions designated:-
Quick and accurate 
Quick and careless 
Slow and accurate 
Slow and careless
(Gibson)
STOTT TEST - 'Failure' was established by failure of
an item at the 6 year old age level, and/ 
or a total impairment score greater than
I.S.D. above the mean.
In testing for impairment it is the screening of 
"failures" or the classification of results into distinct 
categories that is crucial rather than the reporting of 
general relationships, although, the latter may of course 
add valuable evidence to research findings. By using the
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^screening divisions* outlined above, evidence may be 
presented as to the agreement between tests regarding 
“failures’* Kephart (1967) outlines the above argument 
succinctly when he states:-
"Correlations only indicate relationships. They 
do not suggest the causality of the relationship”
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I.Q. RESULTS
Control Group
The Cornwell test was administered according to the 
manual over 5 periods of approximately 25 minutes duration.
It was. found necessary to have two invigilators circulating 
during the reading of the sub tests, and with the possible 
exception of test two which involved a slightly more complex 
answer key, the children showed little evidence of misunder­
standing or confusion.
The total administration time amounted to 2 hours 
25 minutes, allowing some five minutes preparation time before 
administration.
The distribution of I.Q. scores is given in figure . 15
showing a mean of 106.43, a standard deviation of 9.42, and 
a range of •84-135. The table below reports the inter 
correlations obtained with other variables in the battery.
BDHS OAS 'MFD BGT MIPS DAM FTPQ TISC SPE SPT
IQ
++
45
+
25
++
-35
++
-41 -06
-ff
-37
-H-
48 -21
+
-31 17
+p < . 05 
++p <.01
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DISTRIBUTION OF I.Q. SCORES.
20
15
10
5 -
MEAN = 106.43 
S.D, = 9.49
83 90 97 104 111 118 125 132 139
CONTROL GROUP.
6
5
4
3
2
1
MEAN = 70.13 
S.D. = 9.20
50 55 60 65 70 75 80 85
E.S.N. GROUP.
FIG. 15 
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The high degree of relationship indicated by the 
correlations with B.D.E.S., 0.A.S. and D.A.M. are perhaps 
to be expected and add some increment to the validity of 
the Cornwell test. The absence of any significant correlation 
with the Stott test impairment score (or any sub test) would
seem to indicate that performance on the Stott test is
relatively free from I.Q. bias and supports in part one of 
the criteria outlined by Stott (i960) listed previously.
The significant correlation with F.T.P.Q. is to be expected, 
as Frostig (1966) indicates the relationship between 
perceptual quotients and I.Q. measures.
E.S.N. Group .
The distribution of the E.S.N. I.Q. scores is presented 
in figure 15 , showing a mean of 70.13 and a standard 
deviation of 9 .20. '
Intelligence quotients were taken from school records, 
which in every case were made available. Every child had 
been assessed less than six months prior to the testing
programme, and with the exception of two subjects the
Stanford-Binet test was employed. The two remaining 
children were assessed by the W.I.S.C. test.
The table below outlines the intercorrelations 
computed between I.Q. scores'and other variables in the 
battery. .
BDHS OAS MFD BGT MIPS DAM FTPQ STOTTTEST
IQ
+
.43 .40
++
-.71
-H-
-.51 -.37
-H-
-.51
+f
.58 -.25
++p .01
+p <; .05
As for the control group the correlations between I.Q'., 
B.D.E.S., O.A.S. and D.A.M. may be accounted for by an 
underlying factor of intelligence. The high negative 
correlation, with M.F.D. confirms the findings reported by 
Graham & Kendall (i960) who report a correlation of -.39 
between M.F.D. scores and intelligence for a child 
group. The fact that Graham & Kendall1s group were 
within the normal range of intelligence, and that the 
M.F.D. test involves a function which improves with age 
(Graham & Kendall I960), the correlation of -.71, 
although high, may be accepted.
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BLOCK DESIGNS. (W.I.S.C.) RESULTS
Control Group
The distribution of block design total raw scores is 
given in figure 16 » showing a mean of 17,8 and a standard 
deviation of 9.6.
In order to cater for subjects of very low I.Q. and to 
allow foot room in the test, all subjects were given designs 
A, B and C even though the manual states that this is necessary 
only with suspected mental defectives and S !s below the age of , 
eight years. In the event this proved to be a wise precaution 
as 7 subjects failed to score past design C, and a further 
20 failed to score past design 1. Nine subjects scored past 
design 5 and only five completed the sub test up to design 7.
Raw scores were not converted into scaled scores as the 
purpose of this test within the battery was to investigate its 
efficiency/relationship to impairment and not as a contribution 
to an I.Q. measure.
‘ The results of each item within the test are given 
below. Only the number of subjects who scored on each item 
is given; not the total score.
DESIGN A B C 1 2 3 4 5 6 7
NUMBER . 
of S*s 
SCORING
63 65 65 54 25 31 36 17 9 5
TOTAL N= 65
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W.I.S.C, BLOCK DESIGNS.
DISTRIBUTION OP HAW SCORES,
20
15
10
15
10
5
2 4 6 8 100
MEAN = 17.87 
S.D. = 9.60
0 7 14 21 28 35 42
CONTROL GROUP.
MEAN = 4.04 
S.D. =5 1.70
E.S.N. GROUP.
FIG. 16
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Evidence regarding the use of the B.D.E.S. test as a 
screening device for minimal brain damage is confined to 
general observations reported previously, a critical score 
for impairment has not been established. As this test and 
the Object Assembly test were included as experimental 
measures, the establishment of a ’failure score’ however 
tentative was investigated.
The use of a score less than I.S.D. below the mean
would be arbitrary to say the least, and using this criterion
for impairment eight subjects would be isolated.
In comparing the scores of M.F.D., B.G.T., T.I.S.C.,
and M.I.M.P. ’failures’ the following table summarises the 
results outlined in table 7 overleaf.
Control Group
■VARIABLE 
* FAILURES’ N BDES SCORE
BDES 
TOTAL GROUP 
MEAN
MFD C/B N = 16 Mean = 14.5 Range = 4-41 17.8
BGT 7+
COn
■ 
2: Mean = 14,0 Range = 6-27 tt
MIPS 2 + F ’s it 0
0 Mean =23.0 Range = 13-39 it
STOTT
(TISC) N = 10 Mean = 21.9 Range = 9-39
it
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Table of B.D.E.S. and O.A.S. scores for M.F.DB'.G.T. >'
M.I’.P.S. & STOTT «Failures1
Control Group
-
S. No. OAS
SCORE
BGT
(7+)
MIPS 
(2F!s+)
STOTT 
! FAIL­
URES 1
MFD
B/C
BDES
SCORE
3 12 + B 10
5 17 B 4 +
9 19 B 19
17 12 + C 6 +
GIRLS 20 11 + B 10
22 15 +■ B 18
24 13 + B 12
27 9 -h 2 7.5 $ 18
28 8 + B 9
32 21 2 13.0 + B 27
33 15 + B 10
35 26 12.75 f 33
36 19 B 12
41 19 B 6 +
42 18 • 7 ■ * 20.25 + B 9
46 18 2 19.50* 24
47 14 + 7 6 +
48 22 2 13.5 * 39
BOYS 49' 21 B 3.8
50 22 2 17 .
55 23 21.75 t 10 •
56 19 B 22
57 20 2 12.25 $ 16
58 24 7 27
59 28 B 41
60 26 5 18.75+ 30
61 23 • 2 13
65 21 15.50 + 13
MEAN OAS 18.3 18.6 20.1 20.4 16.6
SCORE =
N = 28 3 8 10 16 28
MEAN BDES 
SCORE = 14.0 23.0 21.9 14.5
17.1
' • .i
TOTAL GROUP OAS MEAN SCORE = 19,66 + = < I.S.D. BELOW MEAN
11 " BDES 1 11 =17.8 x = FAILED STOTT ITEM
AGE SIX
TABLE 7
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It is immediately clear that the mean B.D.E.S. scores 
of neurological test 1 failures1 offer little convincing evidence 
of a ’failure score’ that may .be used as a screening device for 
impairment or brain damage. ' The low differences between mean 
scores and particularly the range of B.D.E.S. scores of 
neurological test failures would not warrant the use of the 
above scores as screening levels. It is particularly 
interesting that Stott and Motor Impersistence ’failures’ 
obtained rather higher means than would have been expected; 
these may be accounted for by four children who scored 24, 27, 
30 and 39 on Block Designs and were deemed impersistent and 
three of the same four, who, with two more subjects, scored 
24, 27, 30, 33 and 39 onthe block designs test and failed 
the Stott test. Further statistical analysis was regarded 
as superfluous.
Applying a score of less than I.S.D. below the mean as
(8DES) . (
a ’failure’ score^eight subjects are isolated. An inspection !
of the results reveals that none of these failed an item of
the Stott test at the six year old level or scored greater
than I.S.D. above the mean. Two of the eight were classified
’borderline* on the M.F.D. test and four scored greater than
1.5.D. above the mean on the B.G.T. test. None of the eight 
were deemed impersistent and only one scored greater than
1.5.D. above the mean on the D.A.M. test.
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It would seem from this brief analysis that the Block 
Designs Test has little value as a screening device for 
impairment within normal populations. One result worthy of 
attention, however, is that of S. number 17 who was screened 
as Critical* (M.F.D.) and obtained a B.D.E.S. score of 6, 
two points below a score of - I.S.D. The wide range of block 
design /neurological test failures* scores makes use of this 
test as a brain damage predictor a doubtful exercise.
The table below reports the intercorrelations with other 
variables in the battery.
IQ OAS MFD BGT ; 'mips DAM FTPQ STOTTTEST
BDES
++
.45
++
.54
++
-.39
-H-
-.25 .19
++
-.39
-H-
.41 .07
++ = p ^ .0 1
The number of- significant correlations, tempts one to 
identify a strong relationship between the block designs test 
and the B.G.T./M.F.D. tests. In considering the results 
outlined, the relationship must be regarded as general; 
little support can be given to a casual relationship in terms 
of * failure1.
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E.S.N. Group
The distribution of block designs scores for the E.S.N. 
group is reported in figure 16 .
The problem of establishing an adequate screening score 
for the..B.D.E.S. test have been outlined in the preceding 
results section. The arguments outlined apply equally well 
for the E.S.N. group.
Testing began with the three preliminary designs 
(A,B,C) as recommended in the test manual-and again proved 
a wise precaution as 21 out of 24 subjects failed to score 
past design C (a score of 6 or less).
The table below reports the mean B.D.E.S. scores of 
B.G.T., M.F.D., M.I.P.S.. and STOTT * failures *. It is 
reasonably clear that use of the means reported could not be 
justified as an initial screening score for impairment, 
especially in view of the range of B.D.E.S. scores amongst 
neurological test 1 failures1.
E.S.N. Group
VARIABLE
FAILURES N BLOCK DESIGNS SCORE
BLOCK DESIGNS 
TOTAL GROUP 
MEAN
MFD B/C N = 21 Mean = 3.52 Range = 0-6 4.04
BGT 7+ N = 20 Mean =3.60 Range = 0-9 «
MIPS 2 + F 1 s N = 12 Mean = 3.08 Range = 0-5 it
STOTT
(TISC) N = 10 Mean = 2.69 Range = 0-5
II
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Table of B.D.E'.S. and O.A.S. scores for M.F.D.. B.G.T..
M.I.P.S. & STOTT ’Failures1
E.S.N. Group
S. No.
OAS
SCORE
BGT. 
(7 + )
MIPS 
(2+ F s )
MFD
B/C
STOTT 
* FAIL­
URES*
BDES
SCORE
1 15 •8 4 C 4
2 10 13 C 4 0 .5 0 4
3 9 11 3 c 45 .50 2 A
4 9 9 2 c 22.75 3
7 9 10 2 c 4 5 .5 0 5
8 6 16 c 3 9 .5 0 2 A
9 10 c 5
'BOYS 10 14 7 B 2 A
11 22 7 9
12 16 c 6
13 18 8 2 B . 5
14 3 A 14 4 c 4 4 .0 0 3
15 2 A 14 3 c 5 7 .5 0 2 a
16 6 16 2 c 2 2 .0 0 2 A
17 5 ± • 11 c 5
18 3 A 18 3 c 3 9 .5 0 ' 0 A
19 11 10 c •4
20 0 A 14 3 c 28.25 4
21 14 7 c 4
GIRLS 22 9 11 2 c 3
23 17 8 c 5
24 12 13 3 c 4
N = 22 20 12 21 9 22
MEAN OAS 1 0 .0 9*7 7 .9 9 .4 5.6SCORE =
MEAN BDES 3 .6 3 .08 3 .5 2 .7 3 .7SCORE =
TOTAL GROUP BDES MEAN = 4.04
TOTAL GROUP OAS MEAN = 10.81 A = > I 5.D.
TABLE 8
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Table 8 outlines the full details of B.D.E.S. and 
O.A.S. scores for those subjects who ’failed1 either the 
B.G.T., M.F.D., M.I.P.S. or STOTT tests.
If a B.D.E.S. score of less than I.S.D. below the mean 
(2 or less) is applied six subjects are isolated. From the 
six children isolated, five were classified ’critical* and 
one ’borderline* on the M.F.D. test, and all ’failed’ the 
B.G.T. test with a score of seven or greater. Four only were 
deemed impersistent, and five ’failed*, the Stott test. It 
seems clear that with the very high number of subjects who 
maybe regarded as ’failures’ on all neurplogical tests, the 
establishment of a meaningful screening score is fraught with 
difficulties. According’to the Screening scores used (M.F.D., 
B.G.T., M.I.P.S. and STOTT) the majority of the E.S.N. children 
tested may be regarded as brain damaged. The percentages 
given below illustrate the point:-
TEST N.
% BRAIN
d a m a g e d/ impaired
MFD 21 87.5
BGT 20 83.3
MIPS 12 5C/o
STOTT
TEST
10 41°o
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It could'be argued that with percentages as high 
as 87.5 (M.F.D.) and 83.3 (B.G.T.) the means obtained on 
the B.D.E.S. test - (M.F.D. 3.52, B.G.T. 3.60) - by subjects 
who 'failed1 the M.F.D. and B.G.T. could be used as tentative 
screening scores for normal populations and perhaps E.S.N. 
groups. The problem clearly needs further research, but it 
is worth noting that if the mean B.D.E.S. scores of M.F.D., 
B.G.T., M.I.P.S. and STOTT failures within the control group 
were applied as 'screening scores' to the E.S.N. group, then 
all E.S.N. subjects would be classified 'failures' or 
potentially brain damaged. There remains however the problem 
of controling the effects of intelligence inherent in the 
block designs test.
The table below reports the correlation coefficients 
computed between the Bloc.k-Designs test and other variables 
in the battery.
IQ OAS MFD BGT MIPS DAM FTPQ
STOTT
TEST
BDES
+
.43
++
.66
-H-
-.69
-H-
-.60
+
-.41
+
-.45
++
.75
++
-.49
+ = p .05
++ = p ^  . 01
The number of significant high correlations supports the 
screening efficiency reported, however, as for the control 
group, an inspection of the data tempts one to reject the 
relationship on the grounds that common failures present too 
wide a range of B.D.E.S. scores to be useful. As mentioned 
above, the problem of the true relationship between intelligence 
as measured by the block designs test and impairment as 
measured by the M.F.D., B.G.T., M.I.P.S. and STOTT test needs 
‘further research in order to present real evidence regarding 
the usefulness of the B.D.E.S. test as a screening device for 
impairment.
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OBJECT ASSEMBLY TEST RESULTS *
Control Group •
The distribution of object assembly raw scores is 
presented in figure 17 showing a mean of 19.66 and a 
standard deviation of 4.70.
Reference to table 7 (page.276) shows that nine 
children scored less than 1 S.D, below the mean (15 or less ) 
and as can be seen these accounted for seven out of sixteen 
M.F.D. ’failures1, one out of/three B.G.T. ’failures’, one 
from eight M.I.P.S. ”impersistent11 subjects and one Stott 
failure. Clearly the use of a score of fifteen or less is 
an inappropriate measure for detecting ’failure’ on the 
other tests outlined.
An inspection of the mean object assembly scores for 
neurological test ’failures* does not indicate any differences 
worthy of further statistical analysis.
It is interesting that girls (subjects 3-28) accounted 
for seven out of nine subjects who scored less than 1 S.D., 
and that these seven were all screened borderline or critical 
(M.F.D.). The fact that two girls only (subjects 5 and 9) 
were screened by the M.F.D. and were not screened by an O.A.S. 
score of fifteen or less may point to the possible use of i
this test as a preliminary test of impairment with female 
populations. It may of course be the case that a sampling 
error produced the result outlined.
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OBJECT ASSEMBLY. DISTRIBUTION OF SCORES
15 -
10
Mean = 19.66 
S.D. = 4.70
5 9 13 17 21 25 29 33
CONTROL GROUP
10^
8-
6*1
4
2-
MEAN = 10.81 
S.D. = 5.38
9 13 17 21 25
E.S.N. GROUP
FIG. 17
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The table below reports the correlation coefficients 
obtained between the object assembly test and other variables 
in the battery.
IQ BDES MFD BGT MIPS FTPQ
STOTT
TEST. DAM
OAS
+
.25
-H-
.54
-H-
-.42 -.18 .13 .16 .12
-H-
-34
+= p ^ .05
++= p ^  .01
The highly significant correlation between O.A.S. and 
B.D.E.S. is to be expected as both tests belong to the same 
well validated battery. ’ The very significant relationship 
with M.F.D. is encouraging and may point to the possibility- 
of further work with the O.A.S. test in the field of 
neurological testing. The significant relationship with the '
D.A.M. test may indicate an underlying component of analytical 
functioning related.perhaps to body image.
E.S.N. Group
The distribution of object assembly raw scores is given 
in figure 17 , showing a mean of 10.81 and a standard 
deviation of 5.38.
Reference to table 8 (page 280) shows that five 
subjects scored less than I.S.D. below the mean (5,5 or 
less) and that of these five all were B.G.T. failures from
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a total of 20; four were deemed impersistent from a total 
of 12; and all five were classified critical (M.F.D. ) out of 
21 M.F.D. failures. Four Stott test failures were isolated 
by a score of 5,5 or less. ( < I oas)
In comparing the mean O.A.S, scores for Stott ’failures 
(5.6) and the total E.S.N. group O.A.S. mean (10.81) one may 
be tempted to identify a difference worthy of further 
analysis. If the mean of 5.6 were applied to the E.S.N. 
group as a 1 screening score1 for impairment then five subject 
are isolated, these accounting for four out of ten Stott 
failures as mentioned above. A screening efficiency of 4Cf% 
does not warrant particular enthusiasm. A similar result is 
found if comparisons are made with the M.I.P.S., B.G.T., and 
M.F.D. means. Clearly the wide range of O.A.S. scores 
attributable to M.F.D., Stott, M.I.P.S. and B.G.T. failures 
makes the placing of a critical score extremely hazardous.
The table below reports the correlation coefficients 
computed between the O.A.S. test and other variables in the 
battery.
BDES IQ MFD BGT MIPS DAM FTPQ
STOTT
TEST
OAS
++
.66
+
.40
++
-.69
-H-
-.68
+
-.47
4+
-.59
-H-
.65
-H-
-.60
The expected significant correlation with B.D.E.S. and 
I.Q. may be accounted for by an intelligence component. The 
high degree of relationship revealed by the coefficients 
between M.F.D. Stott Test and B.G.T. would again tempt one to 
postulate a !diagnosticaly significant* association, but, as 
seen from the results outlined previously the relationship 
could not be justified on diagnostic grounds.
f In summary, it would seem that within the group tested 
there is evidence to support some relationship between the 
O.A.S. and other neurological tests, but further work is 
obviously required before the test may be used as an efficient 
screen for brain damage. What does emerge from the results 
is the strong association between perceptual factors and 
those underlying brain damage and impairment. •
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MEMORY .FOR DESIGNS TEST. RESULTS
Control Group
The distribution of M.F.D. raw scores is given in 
figure 18 » showing a mean of 3.41 and a standard deviation 
of 2.55.
A comparison with Graham and Kendalls (1946) original 
matched control and brain damaged groups shows close 
agreement with-the control group results of this study. 
Table 9 given overleaf reports the results with Graham & 
Kendalls original findings given alongside.
One subject was classified as Critical* with a score 
of 14, and a further 15 classified borderline*. From the 
sixteen classified, (borderline or critical) three were • 
isolated as Stott test * failures* from a total of 10 
^failures*. The single subject deemed *critical* received 
a Stott score of 9.5 and failed only one item at age seven. 
The relationship with the motor impersistence test seems to 
be equally tenuous, only one borderline Case being deemed 
impersistent from a total of eight impersistent subjects.
The table below reports the correlations obtained 
with other variables in the battery.
MFD
BDES OAS 3GT MIPS DAM FTPQ TISC SPE SPT IQ
COi
-H-
-42
++
35 -19
+
26
++
-39 -01 19 -15
++
-35
+= p ^ .05
++= p .01
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X U1L XU1NJ .
DISTRIBUTION OP RAW SCORES
20 -
15 -
10 -
5 -
MEAN = 3.41 
S.D. = 2.53
4 6 8 10 12 14 16
CONTROL GROUP.
6 
5 
4 
3 -I
MEAN = 17.81 
S.D. = 8.31
4 8 12 16 20 24 28 32
E.S.N GROUP.
FIG. 18
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Memory for Designs Test
Control and E.S.N. Group Results
GRAHAM &
KENDALL (1946)
CONTROL ESN BR
SCORE GROUP GROUP CONTROLS DAMAGED
28 2 1
27 1 1
26 1
25 3 1
•24 1 4 ‘
23 1
22 2 1
21 1
20 1 2
19 1 2
18 3 2
17 4
16 • * 3
15 1 2 5
14 1 (1.5#) 3 (71%) .. (49$) 5 (5'C#')
13 1
12 2
•11 1 2
10 2 2
9 2 1 2 3
8 2 2 4
7 1 2 1
6 3 (23%) 1 (8%) 2 (17#) 7 (29#)
5 7 1 v 1
4 13 3 8 4
3 10 11 3
•2 11 7 1
1 10 (75%) (12%) 10 (79%) 1 (21#)
0 5 19 6
N= • 65 24 70 70
CRITICAL
AREA
BORDERLINE
AREA
NORMAL
AREA
TABLE.9
The reported correlation of .35 with the B.G.T. is 
difficult to support. Following the data outlined by 
Koppitz (1963) a score of seven or greater (+1 S.D. for age 
8 .5 years) was regarded as a 'failure1 on the B.G.T. Three 
subjects were screened as B.G.T. 1 failures', and of these 
one only was screened by the M.F.D. test as 'borderline*.
The significant negative correlation with I.Q. shows a 
high measure of agreement with the results obtained by 
Graham & Kendall (i960) who with a child group (l\T = 194), 
reported a correlation with I.Q. of -.39 (p <^.01). The 
significant correlations with block designs and object 
assembly may be accounted for by the relationship with I.Q.
The somewhat surprising non significant correlations 
with the Stott test (total impairment score) and the motor 
impersistence test would seem to' indicate little relationship 
between these variables. If one is jto. accept the validity 
of the M.F.D. as an efficient screening device for brain 
damage, and there is a wealth of evidence to justify this 
view, then the 'neurological content' of the Stott and motor 
impersistence tests may perhaps be questionable.
E.S.N. Group
• The distribution of M.F.D. raw scores is given in 
figure 18 , showing a mean of 17.81 and a standard deviation 
of 8.31.
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. Nineteen subjects were classified■’critical*, two as 
’borderline1 and three as ’normal1. The very high number of 
subjects who were screened as apparently brain damaged may 
reflect delayed maturation within the group, making the test
too difficult, although it would be reasonable to expect a
\ . ■
higher percentage of brain damaged children in an E.S.N. group 
compared to a ’normal’ population. The findings of Floyer 
(1955) and Cruikshank (1951) may bp pertinent here, in that 
the real problem is one of distractibility.
Table 9 reports the distribution of the E.S.N. raw 
scores within the three areas designated * critical’, 
’borderline’ and ’normal’. A comparison with Graham & 
Kendall’s (1946) findings shows some support for the theory 
that an E.S-.N.'group may contain a higher proportion of brain 
damaged subjects than a normal population, but, as details 
are not presented for an E.S.N. group exclusively, the 
criticism remains that the M.F.D. may be an inappropriate 
test to apply to 8-9 year old E.S.N. children. Further 
interpretation of M.F.D. score's and relationships must 
therefore be accompanied by great caution.
The table given below reports the correlations obtained 
between the M.F.D. and other variables in the test battery.
MFD
BDES OAS BGT MIPS DAM FTPQ TISC SPT SPE IQ
-H-
-.69
-H-
-.69
-H-
.70
-H-
.56
-H-
.55
-H-
-.82
-H-
.55
+
.40
+
45 •I
+= p <.05
++= p <.01
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It would seem that the expected relationship between 
the M.F.D. and B.G.T. is supported by the high correlation 
reported, as indeed is that between the M.F.D., and F.T.P.Q. 
The high negative relationship between I.Q., B.D.E.S., O.A.S. 
and M.F.D. may be accounted for in terms of Graham &
Kendalls. (1946) results reported in the control group 
results.
From the 21 subjects classified ’critical* or 
’borderline’, sixteen were screened as ’failures* on the 
B.G.T. test (applying a score of 7 or greater) the total 
accounting for all B.G.T. ’failures’. No subject classified 
’normal’ failed the B.G.T., four ’critical* subjects scored 
less than 7 ( range = 4-7), and'1 ’borderline ’ subject 
scored seven. ^B^t )
Eleven ’critical’ subjects were classified impersistent 
from a total of 12, the remaining impersistent subject being • 
classified ’borderline’.
The very high correlation reported between the M.F.D. 
and the F.T.P.Q. may be accounted for by the relationship 
predicted between the Frostig test and I.Q. measures 
(Frostig 1966), by an underlying trait of perceptual 
handicaps related to brain damage or merely a development lag.
THE BENDER GESTALT TEST. RESULTS
Control Group
The distribution of B.G.T, scores is given on 
figure 19 . The obtained mean of 2.72 compares very 
favourably with the mean of 2.5 reported by Koppitz (1964) 
for 8.5 year old children.
Fifteen subjects scored gre'ater than I.S.D. above the 
mean (5 or greater) but following the data reported by 
Koppitz (1964) for brain damaged children, a score of 7 or 
greater was regarded as ’failure*, and, applying this 
criterion three subjects were screened, .
A comparison of B.G.T. and Stott test failures shows 
that of the ten children who failed the Stott test one was 
also screened as a B.G.T. failure. The remaining two B.G.T. 
failures received Stott scores of 8.25 and 7.75, neither 
failing an item at the six year old level. The low measure 
of agreement is reflected in a non significant correlation 
of .17.
In her introduction to the B.G.T. test, Koppitz 
(1964 page 189) lists 23 "indicators of brain injury" for 
children aged 5-10 years. Sixteen of these ’significant 
errors* apply to children aged 8 plus, and a close 
inspection of the drawings made by the three B.G.T. ’failure 
reveals the following number of ’significant* errors; -
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BENDER GESTALT TEST. DISTRIBUTION OF SCORES.
20 —r
15 -
10
5 -
10-
0 4 8 12 16 20
E.S.N GROUP.
MEAN = 2.72 
S.D. = 1.92
0 1 2 3 4 5 6 <7
CONTROL GROUP.
MEAN = 9.68 
S.D. = 3.87
FIG. 19
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S. No. B.G.T/SCORE
No. of SIG. 
INDICATIONS
No. of 
HIGHLY SIG. 
INDICATIONS
STOTT SCORE
42 7 7 0 20.25
47 7 3 2 8.25
58 7 6 1 7.75 f
As can be seen, all three children made a high number 
of “critical errors" and if one is to accept the data 
provided by Koppitz then all three may be regarded as 
neurologically impaired, with a screening efficiency of 
33/o by the Stott test. The failure of the Stott test to 
discriminate to any high degree impairment as measured by 
the B.G.T. must raise doubts regarding the tests claim to 
measure motor impairment reasonably attributable to neural 
dysfunction, at least within a normal population.
The table below reports the correlation coefficients 
computed between B.G.T. scores and other variables in the 
battery.
IQ BDES OAS MFD MIPS DAM
STOTT
(TISC)
BGT
++
-41
+
-25 -18
++
.35 04
++
37 .17
++= p .01
+= p <.05
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The significant correlations with M.F.D. and MIPS may 
be accounted for by a common neurological factor. The
*
negative relationship shown between I.Q. and B.G.T. scores 
reflects the direction of scores and inferior performance.
• • i
The only significant correlation with the Stott test 
items was found with age seven, item three (Heel to toe walk 
along a straight line) a seemingly spurious correlation f 
difficult to explain (r = .25 p<\05).
The table below gives the screening efficiency of the 
B.G.T. in relation to the screening efficiency of other 
variables.
TEST
MFD MIPS STOTT TEST
B C (2+ F's) FAILURES
No. SCREENED 15 1 8 10
BGT (3) 1. o o 1
The use of a score of T  or greater as a ‘failure.rate‘ 
maybe regarded as a rather stringent criterion, especially 
in the light of data reported by Koppitz (1964) who indicated 
a mean score of 3.5 for brain damaged children. If the mean 
score of the brain damaged group was applied to the control 
group, twenty subjects would be isolated as ‘possibly 
impaired1. In the absence of a precise cut off point for ' ^  
impairment on the B.G.T., the rather stringent and perhaps 1 
unsatisfactory ‘cut off* of 7 or greater must be retained.
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E.S.N, Group
The distribution of B.G.T. scores is given in 
figure 19 showing a mean of 9.68 and a standard deviation 
of 3.87.
Applying the ’failure score* of seven or greater, no 
fewer than twenty of the E.S.N. children were screened as 
’failures’, all nine Stott failures being contained in this 
group.
The table below reports-the screening efficiency of 
the B.G.T. in relation to other variables in the battery.
TEST
MFD 
B C
MIPS 
(2+ F’s)
STOTT TEST 
TISC
No. SCREENED 2 19 12 10
BGT (20) 1 17 12 9
The remarkable agreement shown between B.G.T. ’failures’ 
and M.F.D., M.I.P.S. and Stott ’failures* may indicate the 
efficiency of this measure in screening relatively gross 
cases of impairment, the picture is not quite so clear 
however when dealing with ’normal’ population containing 
relatively mild cases of impairment.
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The tabl'e below outlines the correlation coefficients 
obtained between the B.G.T. and other variables.
IQ BDES OAS MFD MIPS DAM FTPQ
STOTT
TEST
(TISC)
BGT .
++
-61
++
-60
++
-68
•H*
70
++
61
++
62
++
-66
++
59
. ++P = <^ .01
The negative correlations between B.G.T. and I.Q. 
measures reflect the direction of scores in relation to 
inferior performance.
In addition to the significant correlations outlined, 
the following correlations were computed.
VARIABLE FT1 FT2 FT 3 FT5 S63 S64 S6YS S73
BGT
++
-.50
.++
-.71
+
-.44
++
-.74
+
.47
+
.45
-H-
-49
■++
.60
VARIABLE S74 S7YS S82 S83 S84 S85 SPE
BGT
++
.74
++
.53
++
.51 .51
4+
.73
++
.63
++
.65
++= p / *01
+=. p < . 05
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The correlations reported support the remarkable 
agreement between tests in screening common ’failures’. 
The high number of significant correlations between the 
B.G.T. and Stott sub tests is of particular interest and 
may indicate that certain sub tests have a part to play 
in screening impairment as measured by the B.G.T.
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DRAW A MAN TEST RESULTS
Control Group
Figure 20 shows the distribution of figure ratings 
for control and E.S.N. groups. The mean rating for the 
control group was 3.89 with a standard deviation of 1.54.
The test was marked by two independent assessors, their 
ratings correlating .89 (rank difference correlation). Six 
subjects produced drawings rated 1 (most sophisticated), 
and eight were rated 6 or 7. No subject was rated 8 or 9 
(most primitive level).
The relationship of this test to other variables is 
outlined in the table below.
TEST No. FAILURES MEAN DAM SCORE TOTAL GROUP MEAN
MFD 1B/C1 = 1 6 4.7 3.89
BGT 7+ = 3 5 ii
MIPS 2+ = 8 3.37 n
STOTT = 10 2.8 it
It would seem clear that the differences between group 
means do not warrant further statistical analysis, and one 
may conclude that the D.A.M. test, within the limitations of 
this study, does not predict with any accuracy impairment on 
the B.G.T., M.F.D., Stott or M.I.P.S. tests.
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DRAW A MAN TEST 
DISTRIBUTION OF FIGURE RATINGS
29-t
15 -
10
MEAN = 3.89 
S.D. = 1.54
1 2 -3 4 5 6 7 8 9
CONTROL GROUP.
7
MEAN
S.D.6
5
4
3
2
62 4
E.S.N. GROUP.
FIG. 20
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• The following table presents the correlation 
coefficients computed.
IQ BDES OAS MFD BGT FTPQ
STOTT
TEST SP.E
DAM i • CO
V
i*
++
-.34
+
.26
CO•i
++
-.44 -.18
' +
.25
++= p < .01
+= p ^ .05
The significant correlations obtained between D .A.M. 
and I.Q., B.D.E., O.A.S. and F.T.P.Q. may be accounted for by 
an underlying component of intelligence (Goodenough 1944).
The low but significant correlations with the M.F.D. and 
B.G.T. tests are worthy of some note; but it may be that the 
true relationship is one of drawing skill/dexterity not 
necessarily related to brain damage. The most promising 
approach may lie in the field of body image as related to 
impairment.
Several low but significant correlations were computed 
between the Frostig Developmental Test.sub sections and one 
Stott test score as follows
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FT 1 FT 2 FT 3 FT 4 FT 5 S6Y.S
DAM
++
-.33
+
-.27 -.23
++
-.32
+
-.26
+
-.26
++= p <•01
+= p <.05
Frostig sub test one (Eye-Motor Co-ordination) involves 
considerable drawing and manipulative skill as do test two 
and three. Sub test four involves the "discrimination of 
reversals and rotations of figures" and test five "the 
analysis of simple forms and patterns" (Frostig 1966);
Many of the traits outlined are required for adequate 
figure drawing and would possibly account for the relationships 
shown, although an intelligence component cannot be ruled out.
E.S.N-. Group
The distribution of figure ratings for the E.S.N. group 
is given in figure 2 0 , showing a mean of 6.22 and a standard 
deviation of 1.74. No subject was rated 1 or 2, and six 
i subjects were rated 8 or 9. The figure drawings were rated 
by two independent assessors and a rank difference correlation 
of .87 was obtained between the two sets of ratings.
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The relationship of the test to other variables is 
outlined in the table below.
TEST No. FAILURES MEAN DAM SCORE
TOTAL GROUP SCORE 
N = 24
MFD *B/C’ =21 6.6 6.22
BGT 7+ = 18 4.6' t»
MIPS 2+ = 12 6.9 it
STOTT = 10 7.7 it
The comparison of group means does not warrant further 
analysis, however, if the control group mean were applied to 
the E.S.N. group then all but one ’critical* subject would 
be screened as brain damaged on the M.F.D. test. One false 
positive (M.F.D. normal) would also be isolated, a similar 
picture being produced for the B.G.T. test (one false 
negative, one false positive). If the control group mean is 
applied to M.I.P.S. results, all M.I.P.S. failures would be 
screened, ten false positives being produced.
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The table below reports the intercorrelations computed 
between the D.A.M. test results and other variables in the 
battery.
IQ BDES OAS MFD BGT MIPS FTPQ
STOTT.
TEST SP.E
DAM
++
-.51
+
-.45
++
-.59
++
-.55
++
,62
+
.39
++
-.68
++
.63
+
.47
++= p .01 
+= p .05
As for the control group a component of intelligence is 
evidenced by the significant correlations between D.A.M. and 
B.D.E.S., O.A.S. and F.T.P.Q. The relationships with the 
B.G.T. and M.F.D. tests are repeated with increased 
significance; but the relationship worthy of particular 
note is that between the D.A.M. test and the Stott test.
The rationale of the observed relationship between the
D.A.M. and Stott test may be explained, in terms of body 
image as a component of motor skills, or in terms of an 
intelligence component inherent in the skills of retarded 
children, thus supporting the findings of Malpass (1961), 
Schonell (1956), Terman (1926) Mittler (1970) and others.
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THE FROSTIG DEVELOPMENTAL TEST 
OF VISUAL PERCEPTION. RESULTS
Control Group
The distributions of the Frostig test sub sections are 
given in figures 21 to 25 . The perceptual quotient
distribution is given in figure 26 .
The application of a screening score/cut off score for 
the test as a whole or the sub sections presents certain 
difficulties in the absence of data relating to this aspect 
of test scores/ An arbitrary screening score of less than 
I.S.D. (inferior performance ) may be difficult to justify 
or defend as it implies that approximately 15% of the 
population will be classified as failures, however, as 
false positives are preferable to false negatives, a 
completely arbitrary score of less than I.S.D. below the 
mean was adopted so that interpretation of scores may be 
more meaningful.
The number of subjects scoring less than I.S.D. below 
the mean on each of the test divisions is given below.
DIVISION FT1 FT2 FT3 FT4 FT5 FTPQ .
No. SCORING 
<T I.S.D.
6 8 9 7 21 8
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FROSTIG DEVELOPMENTAL TEST OF VISUAL PERCEPTION
DISTRIBUTION OF ITEM 1 SCORES - EYE-MOTOR COORDINATION
10
MEAN = 19.58 
S.D, = 2.82
14 16 18 20 22 24 26
CONTROL GROUP
8 f 
6
4 -I 
2
2 6 10 14 18 22
E.S.N. GROUP.
MEAN V  13.13 
S.D. = 3.73
FIG. 21
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DISTRIBUTION OF ITEM 2 SCORES - FIGURE GROUND .
30
25
20 MEAN
S.D.
15
10
5
16
CONTROL GROUP .
8
6
4
2
MEAN
S.D.
0 4 8 12 16 20 24
E.S.N. GROUP.
FIG. 22
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= 17.43 
= 2.95
10.90
5.00
FROSTIG DEVELOPMENTAL TEST OF VISUAL PERCEPTION
DISTRIBUTION OF ITEM 5 SCORES - CONSTANCY OF SHAPE .
MEAN 8 12,49 
S.D, = 2.55
8 10 12 14 16 18
CONTROL GROUP.
9 - 
6 •
3 •
0 2 4 6 8 10 12 14
E.S.N. GROUP.
FIG. 23
MEAN = 6.59 
S.D. = 3.30
20 -n
15 - 
10 - 
5 -
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FROSTIG DEVELOPMENTAL TEST OF VISUAL PERCEPTION
DISTRIBUTION OF ITEM 4 SCORES - POSITION IN SPACE
. 35 -1
25 -
15
5 6 7 8
MEAN = 7.32 
S.D. = .88
CONTROL GROUP.
12
10
MEAN = 5.40 
S.D. = 1.43
8
6
4
2
3 4 5 6 8
E.S.N. GROUP.
FIG. 24
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FROSTIG DEVELOPMENTAL TEST OF VISUAL PERCEPTION 
DISTRIBUTION OF ITEM 5 SCORES - SPATIAL RELATIONSHIPS .
25 
15 ■ 
5 -
-
MEAN
S.D.
!
5 6 7 8
CONTROL GROUP.
6 -
5 - 
4 -
3
2 A 
1
0 1 2
E.S.N. GROUP.
3 4
MEAN = 3.36 
S.D. =2.19
6 7
FIG. 25
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EROSTIG DEVELOPMENTAL' TEST OF VISUAL PERCEPTION
DISTRIBUTION OF PERCEPTUAL QUOTIENTS
15
MEAN = 92.64 
6.01
10
S.D
5
82 86 90 94 98 102
CONTROL GROUP.
12 
10 - 
8 - 
6 - 
4 - 
2
MEAN = 68.86 
S.D. = 10.58
46 55 60 67 74 81 8$ 95
E.S.N. GROUP.
FIG. 26
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The table shows some consistency in the number of 
subjects who produced poor results with the exception of 
test 5. The number of children who scored badly on test 5 
(Spatial relationships) is remarkably high (32?0» but, as 
the maximum score on this item was 8, and a score of 
^I.S.D. = 6, the figures may be misleading. The application 
of a screening score of < I.S.D. may in this case be 
unjustified, even though Frostig (1966) equates a score of 
6 with a ’perceptual age equivalent’ of 7 years 6 months, a 
chronological gap of 1 year in some cases.
Using the arbitrary screening score of <^I.S.D., the 
screening efficiency of each sub test is given in the table 
below.
Control Group
VARIABLE 
AND No. 
SCREENED
BGT.
(7+)
MFD
(B)
MFD
(c)
MIPS STOTT
TEST
3 15 1 8 10
FT 1 6 1 2 o 2 3
FT 2 8 2 2 1 •o' 2
FT 3 9 . 1 4 0 2 3
FT 4 7 0 1 o 1 1
FT 5 21 2 9 0 3 4
FTPQ 8 1 3 0 1 2
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It is interesting to note that six of the Stott test 
’failures* were screened on at least one of the Frostig test 
divisions outlined, the most effective being sub test 5, 
although the very high number of children screened by this 
item urges caution in interpretation. The very high (6Q?A) 
screening efficiency of item five in relation to M.F.D. 
’’borderline1' scores is worthy of note, although the 
criticism outlined above also applies.
The table below reports the intercorrelations computed 
between test items:-
Frostig D.T.V.P. Test Intercorrelations
FT 2
FT1 FT2 FT3 FT4 FT5
+
.24
■' -y
FT 3 .21 .17
FT 4
+ .
.34 .20
+
00CM.
FT 5 -.03 .21
■+
.27 .18
FTPQ
t
0000•
++
.62
++
.54
•H-
.68 .49
++= p <.01 
'+= p ^ .05
The low correlations obtained support in part the 
contention that the tests assess relatively independent 
functions (Frostig 1966). The highly significant correlations
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between F.T.P.Q. and F.T. 1-4 must be interpreted with some 
caution as the preceptual quotient (F.T.P.Q. ) is of course a 
composite of all sub test scores.
The following table gives the correlation coefficients 
for each test item with the other main variables in the 
battery taken from the larger matrix.
Control Group
FT 1
BDHS OAS MFD BGT MIPS DAM
STOTT
(TISC)
SPM
H-.
SPM
T.
.18 -.01 -.13 -.22 -.01
+
-.33 -.01 -.28 -.03
FT 2
+
.28 .06 .26^
+
-.30 -.07
+
-.27
’.++
-.41 -.10 .01
FT 3
+
.32 .19
++
-.51 -.19 .10 -.23 -.02
+
-.34 .07
FT 4
+
.30 .07 -.18
+
-.28 -.07
+
-.32 -.11
+
-.27 -.15
FT 5
+
.32 .20 -.20
+
-.30 -.01
+
-.26 -.21 -.05 -.11
FTPQ
++
.41 .16
+
-.39
+
-.38 -.05
++
-.44
+
-.24
+
-.39 -.01
++= p <.01 
+= p ^ .05
The table above presents clear evidence of a reasonably 
strong relationship between the Frostig test as a whole and 
B.D.H.S.; M.F.D.; B.G.T.; D.A.M. and S.P.E. In particular 
the strong association between FT 3 (Constancy of shape) 
and the M.F.D. test is worthy of note. Both tests involve 
the ability to discriminate shapes and either reproduce
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them from memory or trace around them, again '’'holding1 the 
shape in the memory. The significant correlation of -.41 
(p^.Ol) between FT 2 (Figure ground) a test involving 
"shifts of perception" of figures against increasingly 
complex grounds (similar to the embedded figures test 
(Witkin 1962) and the Stott total impairment score warrants 
further investigation. An inspection of the correlation 
matrix (table 28 ) reveals that three Stott sub tests 
correlate highly with FT 2; they being S65 ( r = #57),
S72 (r = -.48) and S73 (-.49); all correlations being 
significant at the .001 level.
The three items concerned involve carrying a table 
tennis ball in a spoon (S65); single hand bouncing and 
catching of a tennis ball (S72) and heel to- toe walk along 
•a straight line (S73). The relationship between FT 2 and 
S65/S72 may be accounted for in terms of "shifts of 
perception", but the association -with S73 is less apparent. 
One is tempted to identify a -ficjure (jround factor underlying 
these four tests, especially when consideration is given to 
the requirements of FT 2. An inspection of .the original 
scores (raw data) reveals that the Stott sub .test S65 
accounted for only one score of one; the correlations 
reported may therefore be spurious due to the very high 
number of zero scores on the item.
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The correlation between FT 5 and B.D.E.S. may be 
accounted for by a common element of analytical functioning 
required for completion of both tests. An accuracy component 
may underly the correlation of -.34 between FT 3 (constancy 
of shape ) and the Spiral Maze Error score.
In summary, although general relationships between 
Frostig sub tests and other variables may be postulated, 
based on correlations obtained, a ‘failure1 relationship 
was not clearly established with the possible exception of 
F.TSwith M.F.D. ‘B 1 and the Stott test total impairment 
score.
E.S.N. Group
The distribution of the Frostig sub test scores are 
given in figures 21 to 25 # The perceptual quotient 
distribution is given in f i g u r e  2 6  ,
The argument outlined previously regarding, the 
establishment of a screening score applies equally to the 
E.S.N. group. An arbitrary store of <I.S.D. below the 
mean was again adopted in order to investigate scores fully.
The number of 'Subjects scoring less than one standard 
deviation below the mean on each of the test divisions is 
given below.
DIVISION FT1 FT2 FT 3 FT4 FT5 FTPQ
No. SCORING 
Cl.S.D.
5 4 3 8 6 2
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It is interesting to note that unlike the control 
group, FT4 represents the greatest number of 1 failures*, 
with FT 5 presenting the next highest.
Applying the screening score discussed above, the 
screening efficiency of each sub test is presented in the 
table below. >
E.S.N, Group
VARIABLE 
AND No. 
SCREENED
BGT
(7+)
MFD
(B)
' M FD
■(c).
MIPS STOTT
TEST
21 2 19 12 10
FT 1 5 5 0 5 5 4
FT 2 4. 4 0 4 4 4
FT 3 3 3 0 3 3 3
FT 4 8 8 0 8 6 6.
FT 5 6 6 0 6 6 4
FTPQ 2
2
0 2 2 1
The efficiency of each item in screening ’failures’ on 
the other variables outlined seems remarkable, but the 
number of M.F.D., B.G.T.-and M.I.P.S. ’failures* makes the 
screening by Frostig sub tests rather less, remarkable; the 
possibility of ’common failures* being considerable when 
so many failures exist.
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The one result worthy of special attention is the 
screening of six out of ten Stott Failures’ bysub test 4. 
Eight of the ten Stott ^failures1 scored less than I.S.D. 
below the mean on at least one Frostig sub test.
The table below reports the intecorrelations computed 
between Frostig sub test items.
E.S.N. Group.
FT 2
FT1 ' FT2 FT3 FT4 FT5
++
.63
FT 3
++
.56
++
.55
FT 4 .34 .33
+
.46
FT 5 .48
++
.70
++
.55
+
.47
FTPQ
....
++
.77
++
.85
++
.74
++
.60
++
.80
++= p <^.01 
+= p <;.C6
The abundance of significant correlations makes it 
difficult to support the contention that the test samples 
relatively distinct functions; at least within an E.S.N. 
population. The problem is compounded somewhat by the 
possibility of a general factor of impairment (Fish 1961) 
which would affect scores and perhaps produce the matrix 
pattern reported. ,
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The following table gives the correlation coefficients 
computed for each test item with the other main variables in 
the battery. .
. E.S.N. Group
FT 1
'bdes OAS MFD BGT MIPS DAM
STOTT
TEST SPE SPT
4-
.47
++
.58
++
-.65
++
-.50
++
-.47
4+
-.67
++
-.62 -.35
+
-.46
FT 2 -
44-
.72
4 4
.78
-H-
-.66 .i •
++
-.57
++
-.59
44-
-.66
44-
-.60
4-
-.40
FT 3
4 4
.67
4 4
.49
+ +
-.62
+
-.44 -.36
++
-.62
44-
-.63
■ ■■■■•■■ 4- 
-.38
4
-.47
FT 4
4
.40 .12
++
-.55 -.24 -.28 -.34 -.11 -.37 -.06
FT 5
4 4
.67
44-
.61
++
-.82
4+
-.74
+ 4
-.63
+ 4
-.62
4-4-
-.51
4-4-’
-.52 -.23
FTPQ
44
.75
++
.65
++
-.82
++
-.65
++
-.60
-H-
-.68
4+
-V67
4 4
-.50
4-
-.43
++= P <".01 ,
+= p <*.05
• The number of highly significant correlations would seem 
to offer promising support for the relationships between the 
Frostig test and ’neurological tests1 (M.F.D., B.G.T., 
M.I.P.S.). The non significant correlation between FT 4 and ' 
the Stott test total impairment score (T.I.S.C.) is somewhat f 
surprising, especially when one considers the very high 
screening eff iciency reported previously.
The negative correlations reflect in every case the 
direction of scores related to inferior performance.
In addition to the correlations reported; the 
following significant correlations were computed between 
Stott sub tests and Frostig sub tests:-
E.S.N. Group
S61 S62 S63 S64 S65 S71 S72 S73 S74 S75
FT 1
4 4
-.58
I
4
-.39
4-
-.39
44-
-.56
44-
-.65
FT 2
4+
-.50
4*
-.48
- 44-
-.49
44
-.63
FT 3
4
-.48
-H-
-.57
4J
-.47
4*
-.43
4-
-.44
-H-
-.56 -.52
FT 4
FT 5
4-4
-.54
4-
-.41
+
-«46
4 +
-.58
FTPQ
4 4
-.50
4
-.38
4
-.39
4-
-.39
. 4- 
-.38
44-
-.58
++
-.64
FT 1
S81 S82 S83 S84 S85
44
-.53
FT 2
44
-.50
4 4
-.52
4 4
-.50
4 4
-.78
4
-.38
FT 3
4 4
-.62
4 4
' -.58
FT 4
FT 5
4 4
-.49
4
-.46
4 4
-.58
FTPQ
+ 
CM •1
4 4
-.56
4 4
-.50
4 4
-.66
4 4 =  p  -.01 
4 =  p  • 05
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The Stott items showing the greatest number of 
significant correlations with the Frostig test items are 
S61, S64, S73, S74, S82 and S84, all showing at least four 
significantly high relationships. The high number of 
significant relationships suggested by S74 is worthy of 
particular note, as is the complete absence of any 
significant correlation between FT 4 and the Stott test.
The general picture presented by the correlations 
between the Stott and Frostig test items would support the 
suggestion that motor and perceptual skills are inseparable.
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MOTOR 'IMPERSISTENCE TEST RESULTS
Control Group
The distribution of motor impersistence scores (number 
of failures) is given i n  f i g u r e  27 •. Eight subjects were 
deemed' impersistent as a result of failing 2 or more items 
(1 female, 7 males) (Garfield 1964, 1966).
The moststriking finding with regard to the M.I.P.S. 
is the almost total lack of agreement when test ^failures1 
are compared. Of the eight subjects classified as 
impersistent, only one scored significantly low on O.A.S., 
one on the B.G.T., and one on the M.F.D. test (borderline).
In comparison with the Stott test however, a very high 
measure of agreement is apparent. From ten Stott failures1 
no fewer than six were identified as impersistent. The one 
subject who scored greater than 2 S.D. above the mean on the 
M.I.P.S. test (5 failures) also failed a Stott test item at 
age 6 and received an impairment score of 18.75 ( 2 S.D.
above the mean).
The following table summarises the screening officiency 
of the test.
Control Group
TEST MFD BGT STOTT .TEST
B C 7+
No. SCREENED 15 1 3 10
MIPS
N = 8 1 o 0 6
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MOTOR IMPERSISTENCE 
DISTRIBUTION OF ITEM FAILURES
40
MEAN30
88
20
10
CONTROL GROUP.
4
2 -
MEAN = 1.59 
S.D. = 1.33
0 1 2 3 4
E.S.N. GROUP.
FIG. 27
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The table below reports the correlation coefficients 
between the motor impersistence test and other variables in 
the battery.
IQ BDES OAS. MFD BGT DAM
STOTT TEST 
(TISC)
 ^MIPS i • o ON .19 .13 -.19 .04 -.18
++
.51
++= p <.01
The following additional significant correlations were 
computed with Stott test variables.
S64 S6YS S71 S74 S7YS S84 S8YS
MIPS
-H-
.35 • O
t ++
.39
++
.38
-H-
.42
++
.41
++
.34
++= p ^  • 01
The strikingly consistent correlations with Stott 
items 4 through all three age levels is worthy of some 
investigation. The Stott tests concerned are as follows:-
S64 Tracing a circular track.
S74 Tracing a winding maze.
S84 Touch the tips of fingers with the thumb.
All tests require an obvious degree of manual dexterity/ 
steadiness. The ability to initiate and sustain voluntary 
actions (Garfield 1966, Lewandowsky 1907) would seem to be a 
component of such dexterity.
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The lite.rature available regarding the motor 
impersistence test points repeatedly to the associations 
shown between measures of impersistence and brain damage.
The failure of the test, in this study, to correlate 
significantly with brain damage measures (M.F.D., B.G.T. ) 
is difficult to explain if one accepts the M.F.D. and B.G.T. 
as adequate criteria. The agreement shown with the Stott 
test is encouraging if again, one accepts the M.I.P.S. test 
as an adequate measure of brain damage. The problem here is 
clearly one of establishing an adequate and acceptable 
criterion of brain damage. The claims for the motor 
impersistence test are clearly at variance with the results 
obtained.
E.S.N. Group
The distribution of the E.S.N. motor impersistence 
(failures) scores is given in 'figure 27 , showing a mean of 
1.59 failures and a standard deviation of 1.33.
Twelve subjects were screened as impersistent, and of 
these all were classified ^ critical1 or borderline* on the 
M.F.D.; all were screened by the B.G.T. with a score of 
7 or greater and seven classified as Stott * failures * .
The following table summarises the screening efficiency of 
the test in relation to the M.F.D., B.G.T. and Stott tests.
T* .S .N.. Group
TEST MFD ■ BGT STOTT TEST
B C 7+
No. SCREENED 2 19 20 10
MIPS
N - 12 1 11 12 7
The very high measure of ’screening agreement1 may of 
course be due to the relatively large number of subjects who 
’failed’ the M.F.D. and B.G.T. tests, however, the remarkable 
efficiency reported may indicate the possible use of this 
test as a screening device for impairment within E.S.N. 
population.
The following table reports the correlation coefficients 
extracted from the larger matrix.
IQ BDES OAS ’ MFD BGT FTPQ
STOTT TEST 
(TISC)
MIPS -.37
+
-.41 i • -t*  ^
+ + -H"
.56
T+
.51
-H-
-.60
+
.39
+= p . 05 
+t-= p <  .01
• The correlations reported support the screening effici­
ency outlined previously and add some increment to the use of 
this test as a measure of brain damage. The low but 
significant correlation with the Stott test would support 
in part the contention that the Stott test relates to brain 
damage at least in E.S.N. population.
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THE GIBSON SPIRAL MAZE'. RESULTS
Control Group
Figures 28 and 29 show the distribution of time and 
error scores for control and E.S.N. .groups. The table below 
gives the correlations obtained between time (S.P.T. ) and 
error (S.P.E.) scores and other major variables in the 
battery, the highest being -39 (p <*.01) between the error 
score and the F.T.P.Q*
SPE MFD BGT MIPS DAM FTPQ TISC BDES OAS
. SPT
++■
-59 -15 02
+
25 02 -01 08 I6 -01
SPE 19 10 -09 25
++
-39 01
+
-29 -10
+= p ^  .CB .
++= p < ♦ 01 ,
The negative correlation of -.59 agrees with Gibson 
(1964) indicating that T & E scores should correlate in the 
region of -.5•
The apparent failure of T & E scores to correlate 
significantly with the Stott test or M.F.D. scores does not 
reflect the agreement reported by Whiting Johnson and 
Page (1969).
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SPIRAL MAZE
DISTRIBUTION OF TIME SCORES
15 - MEAN
S.D.
10 -
5 -
30 40 50 60 70 80 90 100
CONTROL GROUP.
8
6 -
4 -
MEAN
S.D.
10 30 50 70 90 110 130 150
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FIG. 28
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15.61
73.45
27.06
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SPIRAL MAZE.
DISTRIBUTION OF ERROR SCORES.
50
40
MEAN = 10*35
S.D. = 10.4430
20
10
40 50 6010 200
CONTROL GROUP.
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5
4
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2
1
60 75 900
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FIG. 29
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Other significant relationships found in addition to 
the above were all with error scores as follows:-
IQ FT 1 FT 3 FT 4
SPH .31
COCM 
' • 1
CO•1 -.27
all correlations being significant at better than the .05 
level.
The number of significant correlations computed between 
error scores and other variables would add some little support 
to the findings of Whiting et al (1969); regarding the
i
possible use of this measure as an initial screening device 
for impairment; although there remains a doubt due to its 
failure to correlate highly with the M.F.D., B.G.T. or Stott 
test total impairment score.
Figure ( 30 ) shows the scatter plot for the time and 
error percentile scores (based on norms within the group) 
for the control group. Following Gibson (1964) lines of 
regression rather than medians were fitted to give a more 
sophisticated division into four sections designated:-
Slow and careless 
Quick and careless 
Quick and accurate 
Slow and accurate
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The table below gives the screening efficiency of each
division in relation to the screening of other variables:-
Control Group
Screening Efficiency of Spiral Maze Divisions
NUMBER SCREENED IN EACH TEST
SECTION SP.MAZE
M
CRITICAL
FD
BORDER
E
>  I. SD
5GT 
7 0 R >
MIPS
2 >
FAILURE
STOTT
'TEST
FAILURES
S/C 19 0 6 4 3 4 6
Q/C 13 1 4 3 0 0 0
Q/A 23 0 5 5 o 2 2
s/a 10 0 0 3 0 2 • 2
N= 65 1 15 15 3 • 8 10
Attention is drawn to the efficiency of the slow and 
careless section as a screen of apparently impaired children, 
especially with regard to the Stott test, the B.G.T. when a 
score of 7 or above is taken as a ’failure* and the motor 
impersistence test.
In more general terms the careless section (Q/C + S/c) 
screened a higher proportion of apparently impaired children 
than the accurate section. Attention to the two careless 
categories may prove to be a more efficient criteria for 
impairment than the s/c division alone.
.Of the four subjects who failed the Stott test (55,
57, 60, 48) and not screened slow and careless; three failed 
an item at the 6 year old level and also received an 
impairment score greater than I.S.D. above the mean. The 
remaining subject, designated 0/A, failed only one item at 
age 8 but showed a general lack of ability throughout the 
test, scoring 15.5, three points greater than I.S.D. above 
the mean.
A ’screening efficiency1, of 60^ would seem to offer 
* © ' 
promising avenues for further work with this test as perhaps
an initial screening device in lieu of the. more protracted
Stott test.
E.S.N. Group
The table below gives the section of the correlation 
matrix relevant to the Spiral Maze results for the E.S.N. 
group•
SPE MFD BGT MIPS DAM FTPQ TISC DDES OAS
SPT -.03
+
.40 .33
+
.42 .32
+
-43
+
.45
-H-
-49
+
-45
SPE
+
.45
4-
.36
+
.47
++
-50
+
.48 -30
+
-39
+= p ^ .0 5  
++= p ^ .01
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Gibson*s. (1964) suggestion that time and error scores 
should correlate in the region of.-.5 is not reflected in the 
E.S.N. results. Indeed, the correlation of -.03 represents 
an almost orthogonal relationship between time and error 
scores which is difficult to explain, especially when the 
statement of Connolly et al (1968) is taken into consideration, 
he states: -
’*— children may often respond as accurately as adults, 
but if put under a time stress, their performance 
deteriorates. They have a greater difficulty than the 
adult in balancing the trade off between speed and 
accuracy’* .
Both time and error scores show significant correlations with 
the M.F.D. and T.I.S.C.; the error score only with the B.G.T.; 
and the time score only with the motor imperSistence test.
Significant correlations (p<^.Ol) were also computed 
between the following variables
FT 2 FT 5 S62 S63, S64 S72 S73 S83 S84 S8YS
SPS 1 • Ov o -52 .50 .53 .52 .64 .55
SPT .50 .51 .51
The number of significant correlations between error 
scores and other variables would seem to indicate the possible 
efficiency of this measure as a screening device for impairment 
within an E.S.N. population.
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Figure 31 shows the scatter plot for the time and error 
percentile scores, based on norms established within the group. 
Lines of regression were fitted as reported in the control 
group results.
The table below reports the relative screening efficiency 
of each of the designated sections in relation to the screening
of the other tests in the battery.
E .S .N. Group
Screening Efficiency of the Spiral Maze Divisions
■
SP.
MAZE
M
CRITICAL
FD
BORDER
BGT 
7 or
MIPS STOTT
TEST
s/c 6 6 0 6 .5 6
Q/C 5 4 0 5 2 1
Q/A 7 5 0 . 4 1 0
S/A 6 4 1 5 4 3
N= 24 1 20 12 10
Attention is drawn to the efficiency of 'the slow and 
careless section as a screen of apparently impaired children 
with particular reference to the Stott test and the motor 
impersistence test. The pattern of screened "failures’* is 
less well established within the other tests mentioned, this 
may be accounted for in terms of the difficulty that eight year
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old E.S.N. children have in satisfactorily completing the 
M.F.D. test, and the distict .possibility that delayed 
maturation affects performance on both the B.G.T. and M.F.D. 
tests. A general factor of impairment may also be expected 
among E.S.N. children, this showing effects over all 
’behavioural categories* as defined by the Spiral Maze.
In conclusion, it would seem that further attention
should be given to the Gibson Spiral Maze as perhaps an initial
screening device for impairment. The main advantage of such a
procedure would be the ease and speed of administration and
comparatively objective scoring. Herberts (1964) critique
that a test that merely classifies subjects into dichotomous
groups of brain damaged and non-brain damaged is of little 
remains
diagnostic value, as any specific area of impairment, if it 
exists, would not be diagnosed. This could be overcome by 
further diagnostic tests which would then only need to be 
applied to those children who had been screened off by the 
earlier more easily administered test. There remains of 
course Herberts (1964) further criticism that the criterion | 
itself is often in need of validation, this applies in 
particular to the Stott test. Later analysis will attempt to 
elucidate this problem.
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The tables below and overleaf presents in matrix form 
the screening ability of the tests listed and summarises 
many of the results previously outlined.
Screening Efficiency (M.F.D., -B.G.T.. M.I.P.S..
T.I.S.C.. SP. MAZE] Summary
Control Group
VARIABLE MFD B C BGT MIPS .
STOTT
TEST
N. SCREENED = 15 . 1 '3 8 10
BGT 3 1 0
MIPS 8 1 0 0
STOTT TEST 10 2 0 1 6
SPM Q/C 13 3 1 0 0 0
" q/a 23 5 0 0 2 2
11 S/A 10 1 0 o 2 2
" S/C 19 6 0 3 4 6
TABLE 10
Screening Efficiency (M.F.D., B.G.T., M.I.P.S ., 
T.I.S.C,, S?. MAZE I Summa rv
E.S.N. Group
VARIABLE MFD B C BGT MIPS
STOTT
TEST
N. SCREENED = 2 19 20 12 10
BGT 20 2 17
MIPS 12 1 ‘ 11 12
STOTT TEST 10 0 10 10 8
SPM Q/C 5 0 4 5 2 1
* Q/A 7 0 5 4 1 0
” S/A 6 1 4 5- 4 3
11 S/C 6 0 6 6 5 6
TABLE 11
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THE SOCIOGRAM RESULTS
Control Group Only
Friends1 responses
From the ten Stott failures1, two subjects failed to 
receive any nominations from a total of seven, this seeming 
to indicate that proficiency in motor skills has little 
effect upon the choice of friends in the group tested. 
Whilst it is recognised that a request for two nominations 
may be insufficient to represent the true social structure 
of the group, it was felt that any further requests would 
only complicate the sociogram and possibly cause ‘incorrect1 
or inaccurate nominations. It is interesting to note that 
four of the children screened as Stott ‘failures1 received 
three or more nominations.
One of the seven isolates was classified ‘borderline1 
(M.F.D.), no subject failed the B.G.T. (seven or greater) 
or the motor impersistence test.
Games1 responses *
From the ten Stott ‘failures1 four were isolated when 
responses for ‘friends to play games with1 were called for. 
Two of the four ‘impaired isolates1 were also screened on 
the ‘friends1 sociogram. Fourteen children were isolated 
with no nominations on this analysis, showing that children 
are quite naturally more selective when choosing companions 
as team mates, an entirely natural and expected result.
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Four of the fourteen children isolated were classified 
borderline1 (M.F.D.); one ’failed1 the B.G.T. with a score 
of seven; and three were screened as impersistent.
It would seem that, based on the results of this 
investigation, isolation in a motor skills situation is more 
critical in terms of discriminating motor impaired subjects 
from those within the ’normal range’. The ten ’false 
positives’ produced on the games analysis would compound 
the problem of identification of common behavioural 
traits. Although there is evidence to suggest that 
isolation from peer groups in games situations is likely 
to be associated with impairment (Whiting 1970, Crat'ty  ^
1967), within the limitations of this investigation the 
link would seem to be tenuous, and perhaps only one of a 
number of problems facing the impaired child.
The sociogram analyses are presented in figures 32 
to 35 overleaf.
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THE TEACHER ASSESSMENT RESULTS
Control Group
The teacher questionnaire resulted in eleven subjects 
being classified ’clumsy1 in some respect by the class 
teachers. The questionnaire is given overleaf (Table H  ).
From a total of ten Stott test ’failures* 3 were 
screened by the teacher questionnaire; of these two failed 
an item at age six and one scored greater than I.S.D. above 
the mean total impairment score.
The B.G.T. scores of the eleven screened subjects are 
of particular interest, no fewer than seven scoring greater 
than I.S.D. above the mean of 4.64. Three subjects were 
isolated as M.F.D. ’borderline* from a total of sixteen so 
classified. The F.T.P.Q. and Spiral Maze results seem to be 
inconclusive. The motor impersistence results are also 
inconclusive in that four of the eleven screened children 
scored two failures, being deemed ’impersistent’.
' An inspection of the results presented in table 12 
reveals that only two subjects (numbers 44 and 36) did not 
score greater/less than I.S.D. on at least one of the tests 
in the battery (inferior performance), indicating perhaps 
that a questionnaire of this type may become, with further 
work, an effective first screen for impairment.
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The table presented below outlines the screening
efficiency of the * teacher assessment-
Control Group
TEACHER
ASSESSMENT
MFD 
B C
BGT
(7+)
‘ MIPS 
(2+ F ’s )
FTPQ
<ISD
STOTT
TEST
NUMBER- . 
SCREENED 15 1 3 8 7 10
11 4 0 . 3 3 3 3
Attention is drawn to the efficiency of the questionnaire 
in isolating the three B.G.T. ’failures1 who scored seven or 
greater. The real relationship here may be the teachers 
awareness of poorly presented written work which is reflected 
in poor performance on the B.G.T.
The results of the teacher questionnaire are given in 
table 12 , The responses are represented by figures 3 or 4;
these representing the grades - ’below average’ and ’most 
marked etc.’, the two lower standard responses. Postive or 
high order responses were not regarded as appropriate for 
this analysis. The total number of responses for each item 
is given in addition to column totals in order that an overall 
impression of the spread of scores may be obtained.
An inspection of the total number of ’scores’ for each 
item indicates that the majority of the class teachers’ 
responses came under item 2 (33 responses) and item 5 (29 
responses )*
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MOTOR IMPAIRMENT, TEACHER.ASSESSMENT.
SCHOOL.
NAME, SEX, AGE
TEACHER'S NAME
Please tick the appropriate box
1. Uppor limb co-ordination
Well Acceptable Inconsistent
„ . i
Poorly |
co-ordinated average. below average co-ordinated \
A* Throwing (balls) i
B, Catching !I
C, Striking (hatting) . j
2, Gro83 body co-ordination
• A* Walking,
B* Running,
C, Jumping*
D« Hopping,
E0 Balance,
3* Manipulation of small objects
.
Beft, precise i Average 
control•
Below ave, 
inconsistent.
Clumsy, poor 
control
A «. Picking up small 
objects.
■ "
B.Handling small 
objects.
-
C, Crafts - use of 
scissors, pencils, 
tracing etc.
i
' ■ i
D« Handwriting, .
i
(
TABLE 11
Agile, veil 
controlled
Acceptable{Belcv ave, 
average« ungainly*
Poor control! 
very ungainly
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eral
Good Above average Below average Poor - definite 
defects
eccli.
esight.
ture.
ring.
oits & nervous disorders
None Hardly noticeable, 
no cause for concern
Noticeable in 
part, cause for 
concern.
Most marked. ,
gets (hyperactive)
tractible0
ficulty in 
tinting actions 
etfcing startedo
d tremors, twitches.
plains of headaches, 
ns in limbs etc*
bjom behaviour^
None Hardly noticeable, 
does not cause concern.
Noticeable, 
causes concern.
Most marked.
tile.
o-operative.
ibitionist.
causes trouble.
gets or loses 
erials.
«r overt, social 
late - shy.
TABLE 11
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It would seem that gross body co-ordination and habits/ 
nervous disorders contribute in no small part to the assessment 
of impairment made by the class teachers. It is interesting to 
note that problem behaviour does not seem to play a particularly 
large part within the overall picture of impairment as presented 
by the class teachers.
The greatest single column total presents ten indications 
of Concern1 under item 5B (Habits and nervous disorders - 
distractibility); followed by.nine indications under item 5A 
(Habits and nervous disorders - fidgets). The use of scissors, 
pencils, drawing and tracing, allied with.handwriting figures 
prominently with eight ‘indications’ each under item 3C and D.
Although the evidence outlined above may help to provide 
empirical information regarding common traits among 
’handicapped/impaired’ children, the usefulness of a 
questionnaire of this type revolves around the validity of 
the impairment criterion. The screening success for B.G.T. 
’failures* was extremely encouraging, but was not supported 
by the results on other tests.-
B.S,N. Group
The questionnaire resulted in twelve children being 
classified as ’clumsy’ by the class teachers.
From a total of ten Stott ’failures’, five were screened 
by the assessment questionnaire (subjects 3, 7, 8 , 14, 15).
Eight of the twelve received a B.G.T. score greater than I.S.D. 
above the mean, however, ten of the twelve screened received a 
Bender score of seven or greater.
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With the.exception of three subjects, all children were 
classified as borderline or critical by their M.F.D. scores; 
and it is interesting to note that all three who were 
classified ’normal’ (M.F.D .) were screened by the questionnaire 
as ’impaired*. Five subjects were classified ’slow and 
careless* on the Spiral Maze test and also screened by the 
questionnaire; and seven from a total of twelve who were '?
deemed impersistent on the basis of motor impersistence scores 
'were also screened by the questionnaire.
The test battery results of the screened subjects are 
presented in table 13 overleaf, with the results of the 
teacher questionnaire given alongside. It is interesting to 
note that four subjects did not score greater or less than 
I.S.D. (inferior performance) on at least one test, however, 
the norms were established within the group and in every case
were inferior to those established within the control group.
• *
The table presented below outlines the screening 
efficiency of the teacher questionnaire in relation to test 
criteria established by test authors.
E.S.N. Group
TEACHER
ASSESSMENT
MFD 
B C
BGT
(7+)
MIPS 
(2+ F’s)
FTPQ 
ISD ;
STOTT
TEST
NUMBER
SCREENED
2 19 20 12 2 9
12 0 9 10 7 0 5
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MOTOR 
IMPAimiENT, 
TEACHER 
ASSESSMENT, 
E.S.N, 
GROUP
. The improvement in the efficiency of the questionnaire 
for the E.S.N. group over the control group may be accounted 
for by the- smaller classes and consequent individual attention 
that E.S.N, children receive. The possibility that teachers 
of E.S.N. children are likely to be more aware of their 
children’s difficulties cannot be discounted as various 
handicaps are almost the norm in many E.S.N. classes.
The ability of teachers of E.S.N. children to discriminate 
between impaired and normal children within their classes may 
be accounted for by the reasons outlined above, but the need 
for Colleges of Education to develop courses designed to 
heighten the teachers awareness of the problem of impairment 
must be crucial.
An inspection of the total number of scores for each • 
item on the questionnaire indicates that no single division 
discriminated significantly as the major area of teacher 
’concern’. Item six, (problem behaviour) as for the control 
group received the lowest number of ’scores’, only six 
subjects being the cause for some concern in this area. Only 
three subjects scored ’4 ’ - cause for real concern.
The overall picture presented by the class teachers is 
one of general ’concern’ over a wide range of categories, 
indicating perhaps that E.S.N. populations may be prone to a 
more general impairment. Conclusions of this kind however 
present only the teachers subjective opinion and cannot be 
regarded as. criteria for general hypotheses.
35 7
The greatest single column totals are those for items 
IB (catching); 3D (handwriting); 4A (speech); 3C (use of 
scissors, pencils etc•) and 2D. (hopping), showing again a 
diverse pattern of impairment for the E.S.N. group.
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LATERALITY TEST RESULTS 
The distribution of subjects1 hand, eye and foot , 
preference are given in tables 13 to lb overleaf with the 
percentage distribution given at the bottom of each table.
In screening or classifying children as cross-laterals 
only those subjects who had clearly established preference 
are classified. The implications of laterality are well 
documented by Kephart (1966), Isrnail & Gruber (1967) and 
Delacato (1963) amongst others, and the implications of 
1 integrated development1 and the 1 organization of behaviour* 
to brain damage and motor impairment are worthy of some 
consideration in this study.
Control Group
The distribution of dominance/preference is given in 
tables 13 and 14 . Sixteen children were screened as cross
laterals, and the most striking finding was the lack of 
agreement shown between the cross laterals and B.G.T., 
M.I.P.S., and STOTT *failures!. The case for the M.F.D. test, 
is a little more promising but would not warrant particular 
enthusiasm.
The table overleaf outlines the distribution of X 
laterals to test ’failures* for the control group.
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DISTRIBUTION OF DOMINANCE.CONTROL GROUP. BOYS.
S.No HAND EYE FOOT
32 R R R
33 R L R
34 R R R
35 R R R
36 L R R
37 R R R
38 R R R
39 R U* R
40 R R R
41 R R R
42 R U* R
43 R R R
44 R L R
45 R R R
46 U* R R
47 R U* R
48 R R R
49 R L R
50 R R R
51 R R R
52 R R R
53 R R R
54 R L R
55 R R R
56 R R R
57 R U* R
58 R L R
59 R R R
60 R R R
61 R U* R
62 R U» ■ ■ ' R
63 R R R
64 R R R
65 R U* R
BOYS - S ’s 32 - 65
R = Right dominance 
.L s= Left dominance
V * = Uhceirfcain dominance.
PERCENTAGE DISTRIBUTION
HAND EYE FOOT
L R U L R u L R u
1 32 1 5 22 7 0 34 0
y/> 94# % 15# 65^ ro 0 “c
A 0% 100^ 0$
TABLE 13 
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DISTRIBUTION OF DOMINANCE CONTROL GROUP, (girls)
S.No HAND EYE FOOT
1 R R R
2 R L R
3 R L R
4 R L R
5 R u* R
6 R L R
7 R L R
8 R R R
9 R R R
10 R R R
11 R R R
12 R R R
13 R R R
14 R R R
15 R L R
16 R U* R
17 R U*' R
18 U* R R
19 L L R
20 R R R
21 R R R
22 R L R
23 R R R
24 R R * R
25 L L R
26 R R R
27 R R R
28 R L R
29 R u* R
30 R U* R
31 R R R
GIRLS —3 * 8 1 - 3 1
R = Right dominance#
L = Left dominance.
U •— Dominance uncertain.
PERCENTAGE DISTRIBUTION
HAND EYE FOOT
L R U L R U L R u
2 29 0 10 16 5 0 31 0
6$ 93$ Ofo 32$ 51$ 16$ 0$ 100$ 0$
TABLE 14 
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Screening of X Lateral Test ’ Failures1. Control Group
TEST MFD BGT MIPS STOTTTESTS
N. SCREENED =
B
15
C
1
7+
3 8 9
X. LAT.
N = 16 (24.6%) 6 0 1 0 0
UNC.
PREFERENCE 
N = 10 (15%)
2 1 1 3 3
TOTAL = 8 1 2 3 : 3
The table above clearly shows the apparent lack of 
association between the measures-outlined. If those children 
of uncertain preference are included the number of ’common 
failures’ rises somewhat but not to an extent that would 
indicate any real relationship. The latter exercise in 
including subjects of uncertain preference is a dubious 
exercise as one may simply be measuring a development rather 
than established pattern, not necessarily associated with 
impairment. This does not deny of course that delayed 
maturation may be associated with impairment.
The low association reported confirms the authors 
personal feelings based on empirical and subjective evidence 
that cross laterality in an otherwise ’normal* person may 
not necessarily be a disadvantage in the performance of , 
motor skills. In observing and testing main course physical
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education students in a College of Education the number of 
cross laterals (predominantly.right handed/left eyed) was .
^ found to be 20-4CPO The implications of having the preferred 
hand and eye on different sides of the body are interesting; 
especially in fast ball game situations.
E.S.N. Group
The distribution of hand, eye and foot preference is 
given in table 15 overleaf.
Fourteen children were clearly established as cross 
laterals (58%) compared with only 16 (24%) in the control 
group.
The screening efficiency of cross laterality against 
other tests is outlined in the table below:-
Screening of X Lateral Test tFailurest
TEST MFD BGT MIPS
STOTT
TEST
N. SCREENED = B2
c
19
7+
20 12 9
X. LAT.
N = 14 {58%) 0 11 11 5 5
me.
PREFERENCE 
N = 3 (12.5,90
0 3 3 3 2
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DISTRIBUTION OF DOMINANCE E.S.N. GROUP
S.No, HAND EYE F0(
1 R L R
2 R L U*
3 R R U*
4 R U* R
5 R L R
6 R L R
7 R L u*
8 R L L
9 R R R
10 R R R
11 R R R
12 R L R
13 R R R
14 R L R
15 R L R
16 R L R
17 R L ' R
18 L L L
19 R R R
20 R R R
21 R L R
22 u* R U*
23 R L R
24 R R, L
PERCENTAGE DISTRIBUTION - BOYS
HAND EYE . FOOT
L R u L R u L R u
0 16 0 10 5 1 1 12 3
0£ 100^ 0% 62$ 31^ 6$ 6$ 75$ 19$
PERCENTAGE DISTRIBUTION - GIRLS
HAND EYE FOOT
L R U L R u L R U
1 6 1 4 4 0 2 5 1
12$ 75$ 12$ 50$ 50$ 0$ 25$ 62$ 12$
TABLE 15
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The high-measure of Screening agreement* among the 
variables listed must be interpreted with caution, for, as 
mentioned the failure to establish preference may be due to 
a developmental lag and not to other perhaps more diagnostic 
functions. Nevertheless, the screening efficiency of \ 
M.I.P.S. and Stott failures is worthy of some note. If 
those subjects of uncertain preference are included (l2.5?o) 
the screening totals rise to impressive levels, in particular 
’that concerning Stott test ’failures* (77?£)«
The usefulness of this measure as a contributing factor 
or as a sequential trait of impairment would seem to lie 
predominantly with E.S.N. children, although the problem of 
differentiating between delayed maturation and an established 
state of impairment makes diagnosis based on cross laterality 
a dubious exercise. Percentage differences between the groups 
(Control = 24/^  E.S.N. = 58%) would indicate an area to be 
investigated as a contributing factor in impairment.
Table 16 , given, overleaf presents an analysis of 
laterality between and within groups. The only significant 
difference between the percentages listed was found between 
the total group numbers of cross laterals (p/-C6 ) supporting 
the contention that the development of laterality in E.S.N. 
populations is not so clearly established as within normal 
groups.
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ANALYSIS OF LATERALITY
Control Group
Bovs (N = 34) Girls (N = 31)
X LAT. UNC. LAT.
N = 6 (17%) N = 8 (23%)
Total N = 14 (41%)
E.S.N. Grouo
N_= 161Bovs (
X LAT. UNC. LAT.
N = 10 (41%') N = 2 (8%)
Total N = 12 (75%)
X LAT . UNC. LAT.
N = 10 (32%) N = 6  (19%)
Total N = 16 (51%)
Girls (N = 8 )
X LAT . UNC. LAT.
N = 4 (5C%) N = 1 (12%)
Total N = 5 (62%)
TOTAL GROUP X LAT. + UNC. LAT.
Control Group N =65 16 (24%) © 10 (15%)
E.S.N. Group N = 24 13 (58%) ® 3 (1C%)
© = p ^ .C5
TABLE 16
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•STOTT TEST RESULTS
The distribution of total impairment scores is presented
In order to avoid tedious repetition the results of the 
control and E.S.N. groups will be discussed together.
This section will cover the distribution of scores and 
failures, recommendations for revision, the screening 
efficiency of the test and the general relationships revealed 
by intercorrelations.
Prior to any discussion of the results it must be 
mentioned that for the control group no child failed or 
indeed scored on sub test 2 age 6 (bounce and catch a .tennis 
bail, two handed). The original recommendation that a score 
of less than five out of ten constituted a failure was 
retained. Every child in the control group scored 9 or 10 
catches (score = 0). Clearly the cut off<point for failure 
needs to be raised or alternatively a sampling error is 
evident. It Is worth mentioning that for both classes tested 
the teachers had a very sympathetic attitude towards physical 
education and the acquisition of ball skills. The failure of 
item S62 to discriminate at any level resulted in it being 
rejected from all further analysis. A similar situation 
arose with sub test 5 age 6, one child.only scoring on this 
item. The failure of either of these items to discriminate
led to their rejection from further analysis. Figure 37 shows
\the distribution of item S65. \ ,
in figure 36 overleaf
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STOTT TEST
DISTRIBUTION OP TOTAL IMPAIRMENT SCORES
2 0  -r
15 -
10
MEAN = 6.96 
S.D. = 5.06
0 3 6 9 12 15 18 21 
CONTROL GROUP
9 - 
8 -
7 -
6 .
5 
4
3 - 
2 - 
1 -
MEAN = 23.19 
S.D. = 15.91
0 9 18 2? 36 44 53 62
E.S.N. GROUP.
FIG. 36
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Distribution of scores
The distribution of total scores on test items is 
^presented in figures (-37 ) to ( 42 ) overleaf. The histograms 
indicate the cut off point for failure reported previously.
The distribution of total item scores and year scores is 
reported in tables ( 18 ) and ( 20 ) overleaf.
The percentages given under each item total represent 
the percentage of the total year score accounted for by the 
item. The percentages given alongside the year total 
represents the percentage of the three year scores accounted 
for by that total. The percentages given underneath each 
column/item total represents the percentage of that total 
within the sum of all scores (433 controls, 565 E.S.N. group).
The control group results show reasonably clearly that 
scores do not progress in a uniform manner from year 6 to 8 ,
One would be excused for expecting a reasonably regular 
increase in scores from age six through seven to eight if in 
fact all items are graded accurately according to difficulty.
An inspection of the columns reveals that item five 
showsan increase in score totals from age six to seven 
followed by a decrease at age eight.
Items one and three show a decrease at age seven followed
by an increase at age eight. Item two is difficult to interpret
due to the rejection of test S62. - Clearly, the division of the
Stott test by age levels can serve little useful purpose if a
pass at age eight may be followed by a failure at age seven, 
a situation revealed by item four scores,
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STOTT TEST - DISTRIBUTION OF SCORES ON TEST ITEMS
CONTROL GROUP YEAR 6
70
50
30
10
failpass
70
50
30
10
failpass
STOTT YR 6 ITEM !• STOTT YR 6 ITEM 3.
7°
50 - 
30 ■ 
10
0 1 2  3 4 5 
pass
STOTT YR 6 ITEM 4.
6
fail failpass
STOTT YR 6 ITEM 5
FIG* 37
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STOTT TEST - DISTRIBUTION OF TOTAL SCORES ON TEST ITEMS,
CONTROL GROUP, YEAR 7.
30 
10 A
0 1 2  3 4 5
pass | fail
STOTT YR 7 ITEM 1
■ 70
- 50 -
* 30 -
' r. 10 -
,-r—--- 1 ■
0 1 2  3 4 5
pass I fail 
STOTT YR 7 ITEM 2
70 1
50 H 
30
10 A
0 1 2 3 4 5
pass fail
STOTT YR 7 ITEM 3
70 i 
50 
30 
10 A
0 2 3 4 5
pass fail
70
50
30
10
0 1 2 3 4 5
pass I fail
STOTT YR 7 ITEM 4
STOTT YR 7 ITEM 5
FIG. 38
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OXUXX T1S5X - lUdXiliJiUXiUJN Ui* XUXAJj 5UUjLti£> UJN X-t^I' 1TJSM£>
CONTROL GROUP. YEAR 8.
70
50
30
10
40 1 2
pass fail
STOTT YR 8 ITEM 1
70
50
30
10
0 1 2 3 4
pass | fail
STOTT YR 8 ITEM 3
70
50
30
10
40 1 2
70
50
30
10
40 1 2
pass fail
STOTT YR 8 ITEM 2
70
50
30
10
40 1 2
pass fail
STOTT YR 8 ITEM 4
STOTT YE 8 ITEM 5
pass fail
FIG. 39
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STOTT TEST - DISTRIBUTION OF TOTAL SCORES ON TEST ITEMS.
E.S.N. GROUP. YEAR 6
10-
0 1 2  3 4 5 6 7
pass
STOTT YEAR 6 ITEM 1
fail
20 T
0 1 2 3 4 5 6 7
pass fail
STOTT YEAR 6 ITEM 3
lO-
CI 1 2 3 4 5 6 7
pass
STOTT YEAR 6 ITEM 2
fail
0 1 2 3 4 5 6 7
pass fail 
STOTT YEAR 6 ITEM 4
20
10
0 1 2 3 4 5 6  7
STOTT YEAR 6 ITEM 5
pass fail
FIG. 40
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STOTT TEST - DISTRIBUTION OF TOTAL SCORES ON TEST ITEMS
E.S.N. GROUP. YEAR 7.
20
10
0 1 2 3 4 5
pass
STOTT YEAR 7 ITEM 1
fail
20
10 -
0 1 2 3 4 5
pass
STOTT YEAR 7 ITEM 3
fail
20
10
0 1 2 3 4 5
pass
STOTT YEAR 7 ITEM 2
fail
20
10 *
0 1 2 3 4 5
pass | fail 
STOTT YEAR 7 ITEM 4
201
10. STOTT YEAR 7 ITEM 5
0 1 2 3 4 5
pass fail
FIG. 41
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STOTT TEST - D1STK1I3UT ION UE TOTAL SCORES ON TEST ITEMS
E.S.N. GROUP. YEAR 8 .
2 0  -r
10 •
0 1 2 3 4
pass | fail 
STOTT YR 8 ITEM 1
20
10
0 1 2  3 4
pass j fail 
STOTT YR 8 ITEM 2
20
10
0 1 2 3 - 4
pass | fail
STOTT YR 8 ITEM 3
20
10 -
0 1 2 4
20
10
0 1 2 3 4
pass fail
STOTT YR 8 ITEM 4
STOTT YR 8 ITEM 5
pass fail
FIG. 42
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DISTRIBUTION OF TOTAL ITEM FAILURES - CONTROL GROUP .
ITEM
Year 6 
Year 7 
Year 8
1. 2. 3. 4. 5. Yr. Total
0 (0* )
2 (40$)
1 (7? )
0 (0?)
1 (20$) 
4 (29%)
4 (67?) 
0 (0? ) 
6 (43£)
2 (3350 
1 (20?)
3 (21$)
0 (o?)
1 (2o;i) 
0 (o? )
= 6 (24?) 
= 5 (20$) 
= 14(56?)
Item 
total = 3 (12%) 5 (20?) 10(40?) 6 (24?) 1 (4? ) = 25
$ given to the nearest whole number,
. TABLE 17
DISTRIBUTION OF TOTAL ITEM SCORES - CONTROL GROUP.
ITEM
1. 2. 3. 4. 5. Yr. Total
Year 6 37.0
(2950
00.0 
(0? )
.30.0
(24?)
58.0
(46?)
1.0
t o )
= 126 (29$)
Year 7 25.5
<23Jf)
9.75 
(8? )
9.0 
(8? )
50.75
(44?)
19.5
(17$)
= 114.5(27$)
Year 8 26.0
(1450
79.5
(41?)
35.5
(18?)
40.5
(21?)
11.0 
(6$ )
= 192.5(44$)
Item 
total = 88.5
(21?)
89.25
(21?)
74.5
(17?)
149.25
(34$)
31.5 
(7$ )
= 433.0
$ given to the nearest whole number.
TABLE I8
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DISTRIBUTION OF TOTAL ITEM FAILURES E.S.N.GROUP.
ITEM
1 2 ' 3 4 5 Yr. Total
Year 6 
Year 7 
Year 8
5 (312) 
10 (312) 
8 (212)
2 (132)
3 (92 ) 
6 (162)
5 (312)
6 (192) 
15 (392)
4 (252) 
8 (252) 
8 (212)
0 (02 ) 
5 (162)
1 (32 )
= 16 (192) 
= 32 (372) 
= 38 (442)
Item 
total = 23 (272) 11 (132) 26 (302) 20 (232) 6 (72 ) = 86
* given to the nearest whole number.
TABLE 19
DISTRIBUTION OF TOTAL ITEM SCORES E.S.N. GROUP.
1 2 3 4 5 Yr. Total
Year 6 55.5
(352)
18.0
(11*)
54.0
(342)
28.0
(172)
4.0
(32 )
= 158.5 
(28*)
Year 7 52.5
(242)
24.5
(11*)
52.5
(242)
53.0
(242)
37.5
(172)
= 220.0 
(392)
Year 8 39.0
(212)
43.5
(23^ )
57.0
(302)
36.5
(20*)
11.0
(62 )
= 187.0 
(332)
Item 
total = 147.0
'(26*)
86.0
(152)
163.5
(292)
117.5
(212)
52.5 
(92 )
= 565.5
TABLE 20
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or alternatively a pass at age seven and eight followed by a 
failure at age six. An inspection of the year totals reveals 
a drop-in scores at age seven ’followed by a rise at age six, 
a situation to be expected in view of the previous findings. 
An analysis of the percentage contribution of each item/ 
column to the sum of all scores is a dubious exercise as 
allowance has to be made for specific impairment that may 
’overload* any one item, however, it would seem that item 4 
(Manual dexterity) accounts for a very high percentage of all 
scores whilst item 5 (Simultaneous Movement) would seem to be 
almost superfluous.
The E.S.N. results (table 20 ) show a strikingly 
similar picture to that outlined above. Item one shows a 
progressive decrease from age six to eight, the reverse of 
what may be- reasonably expected, whilst item two shows the 
expected increase in scores from age six to eight. Item five 
and fourshow ’peaks* at age seven, whilst item three shows 
a small ’dip* in scores at age seven. Similar criticisms 
may be levelled as those made for the control group; the 
division by age/difficulty levels seems to be inaccurate.
The year totals confirm the points made above.
Inspecting the column/item totals, it would seem that 
items one and three account for the majority percentage of 
total scores, whilst, as for the control group, item five 
accounts for a very low percentage. This does not deny 
however that item five tests may be crucial to identification
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of impairment. In brief, the Stott test would seem to be in 
need of considerable revision regarding the difficulty and 
placing of sub tests within the year scales.
Distribution of failures
Tables 21 & 22/23 extend the previous arguments 
presenting an analysis of all item failures in graphic and 
distribution form.- Tables 21 and 22 present the control 
group results, and an inspection of table 21 shows that three 
subjects (27, 35, 57) failed an item at age six and did not 
fail a similar item at ages seven and eight. A further five 
subjects (1, 17, 43, 55, 60) failed an item at age seven and 
passed the same item at 'age eight. Information regarding 
numbers and percentages of item failures is presented in 
table 17 (control group) and, as can be seen by an inspection 
of the columns, items 1, 3, 4 and 5 present inappropriate 
distributions, although the year totals present a slightly 
more ‘normal* picture. The item contributing the greatest 
percentage of total scores is'item 4 whereas, when failures 
only are considered item 3 accounts for the greatest 
percentage (4C$). The apparent ‘redundancy* of item five is 
highlighted with only one failure recorded (subject 43, 
table 21 ), this subject failing only one other sub test item 
at age eight and consequently not classified impaired.
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DISTRIBUTION OF INDIVIDUAL ITEM FAILURES , CONTROL GROUP.
■» .. .
S.No.
Year 6#
1 2 3 4 5
Year 7.
1 2 3 4 5
Year 8.
1 2 3 4 5
1 *
9 *
17 *
20 *
24 *
27 *
32 * *
35 *
42 *
43 * *
46 * *
48 *
51 *
53 *
55 * * *
57 *
60 * *
65 * * /
*  s= Whole item failure#
TABLE 21
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DISTRIBUTION OF STOTT TEST ITEM FAILURES AT 2 YRS, BELOW C.A.
-• Year 6 Year 7 Year 8
S.No. 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
27 *
35 *
55 * * *
57 *
6o * *
65 * *
N = 6
$ of group
failing = 0 0 66 33 0 33 0 0 0 0 16 0 16 0 0
CONTROL GROUP
Year 6 Year 7 Year 8
S.No. 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
2 * * * * * * *
3 * * * * * * * * *
4 * * *
7 * * * * * * * * * *
8 * * * * * *
14 * * * * * * * ■*
15 * * * * * * * * * * * * *
16 * * * *
18 * * * * * * * *
20
* *. *
N = 10
of group 
failing = 50 20 50 40 0 70 30 60 80 40 70 40 90 60 10
E.S.N, GROUP
TABLE 22
DISTRIBUTION OF INDIVIDUAL ITEM FAILURES. E.S.N. GROUP
Year 6 Year 7 Year 8
S. No. 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
1 *
2 * * * * * * *
3 * * * * * * * * *
4 * * *
6 *
7 * * * * * * * * * *
8 * * * * * *
10 * * *
ii *
12 *
14 * * * * * * # *
15 * * * * * * * * * * * * *
16 * * * *
17 * *
18 * * * * * * * *
20 * * *
21 * * * *
23 *
24 *
* as Whole item failure
TABLE 23
The distribution of E.S.N, failures and percentages is 
given in tables 19 and 20. An inspection of table 23 shows 
that every subject who failed .an item at age six also failed 
an item at age seven or eight, however, on closer inspection 
it can be seen that six subjects who failed an item at age 
six did not fail the same item at age seven and eight. The 
table shows relatively clearly the different pattern* of 
failure compared with the control group. ^Jhe E.S.N. group 
show on the whole a more general pattern of item failures,
f
several subjects failing clusters of items as opposed to the 
control group pattern which shows more specific single item 
failures.
In considering table 19 , showing the distribution and 
percentages of failures the picture is again very similar-to 
that of the. control group. Item 3 accounts for the greatest 
percentage (30?o) followed closely by items 1 and 4 (27% and 
23%), Item five again accounts for the lowest percentage {!%) 
and as for the control group, no child failed an item at age 
six. Items one and five show a ’peak’ of failures at age 
seven confirming the observations made earlier regarding scores. 
The year score totals show the progression expected, a result 
accounted for by a ’balance1 of ’peaks’ (items 5 and 4) and 
’dips’ (items 2 and 3 ).
Table 22 presented overleaf reports the distribution of 
item failures for those subjects who ’failed’ a Stott test 
item at age six.
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The control group results indicate quite clearly that 
item 3 (Upper limb-co-ordination) accounts for the majority 
of age six failures with item four the only other division 
accounting for failures. The most disturbing aspect of the 
results is that all the children listed as failing a -sub- 
test at age six did not fail the same test at age seven 
or eight, a point raised earlier but highlighted here. One 
could reasonably expect a child failing sub test 3 age six 
to fail tests 3 ages seven and eight. If the criterion for 
failure is t.o be accepted as the failure of a sub test 2 
years below the subject’s age level then it is presumed that 
in an adequately constructed test a pass at age eight would 
obviate the necessity to test further; a procedure which 
would have been decidedly hazardous in this experiment.
The E.S.N. group results present an equally confusing 
picture; no fewer than six out of ten subjects producing sub 
test failures at age six not supported by a similar failure 
at age seven and/or eight.
The results reported to date support those of Clarke 
et al (1968) who found a similar pattern of inadequate 
distributions at ages nine, ten and eleven years.
• Tables 24 and 25 presented overleaf report the means and 
standard deviations for all sections of the Stott test.
Tables 26 and 27 report the correlation coefficients between 
items and divisions of the test extracted from the larger 
matrix for ease of reference.
STOTT TEST.
TABLE OF MEANS AND STANDARD DEVIATIONS .
CONTROL GROUP.
ITEM MEAN S.D.
S6l 0.55 1.0
S71 0.39 0.96
S81 0.43 0.73
S63 0.46 1.49
S73 0.13 0.51
S83 0.54 0.99
S65 0.01 0.12
S75 0.30 0.80
S85 0.16 0.36
TOTAL IMPAIRMENT SCORE
ITEM MEAN S.D.
S62 --- -- -
S72 0.13 0.64
S82 1.23 0.84
S64 0.89 1.55
S74 0.77 1.06
884 0.62 0.79
S6yS 1.90 2.43
S7YS 1.75 2.16
S8YS 3.00 2.06
MEAN = 6.96
S.D. = 5.06
TABLE 24
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STOTT TEST
TABLE OF MEANS AND STANDARD DEVIATIONS
E.S.N«, GROUP.
ITEM MEAN S.D. ITEM MEAN S.D
S6l 2.1 2.4 S62 .8 1.8
S71 1.9 2.1 S72 .9 1.6
S81 1.5 1.1 S82 1.8 1.0
S63 2.3 2.4 S64 1.1 2.3
S73 2.1 1.7 S74 2.1 1.9
S83 2.3 1.0 S84 1.5 1.3
S65 .1 .5 S6YS 6.6 6.2
S75 1.5 1.7 S7YS 8.7 6.8
S85 .5 .8 S8YS 7.7 4.0
TOTAL IMPAIRMENT SCORE MEAN = 23.19
S.D. = 15.9
TABLE 25
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• STOTT TEST.
TABLE OF PEARSON CORRELATION COEFFICIENTS BETIMJ ITEMS . 
CONTROL GROUP .
ITEM 1 BALANCE. ITEM 2 UPPER LIMB.
S62 S72
S72 _
S82 -------- 10
S6l S71
S71 -03
S81 35® 35®
ITEM 3 WHOLE BODY. ITEM 4 MANUAL DEXTERITY.
S64 S74
S74 37®
S84 00 ■ 25°
S63 S73
S73 16
S83 07
eCD
ITEM 5 SIMULTANEOUS MOVEMENT.
S65 S75
S75
S85 02
YEAR AND TOTAL IMPAIRMENT SCORES.
TIMPS S6YS S7YS
S6YS 7 3 © o Sig. at the .05 level.
S7YS 76®
oCO03 ■ ii ti it .01 level.
S8YS 76® 31° 53° • ti it ti .001 level.
TABLE ,26
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STOTT TEST.
TABLE OF PEARSON CORRELATION COEFFICIENTS BE'EfBEN ITEMS. 
E.S.N. GROUP.
ITEM 1 BALANCE
S6l S71
S71 60®
S81 69® 86°
ITEM 2 UPPER LIMB
S62 S72
S72 00 to •
S82 45 ° 59®
ITEM 5 WHOLE BODY
S63 S73
S73 42 O
S83 28 64®
ITEM 4 MANUAL DEXTERITY
S64 S74
S74 49°
S84 38 64°
ITEM 5 SIMULTANEOUS MOVEMENT
S65 S75
S75 49°
S85 00 ►p
- • 34
YEAR AND TOTAL IMPAIRMENT SCORES
TISC S6YS S7YS
S6YS 92®
S7YS 95® 79®
S8YS 88® 71° 79*
° = Sig. at the .0* 
• = " n i» #oi
TABLE 27
level.
level.
page 388 omit ted 389
The control group intercorrelations show a somewhat 
expected lack of agreement between sub tests within Upper 
Limb Co-ordination (due to the .rejection of S62) and 
Simultaneous Movement, Balance items tend to isolate S71, 
and whole body co-ordination isolates S63. The high 
correlations between year scores and the total impairment 
score are to be expected as the total impairment score 
represents the sum of year scores.
The E.S.N. intercorrelations tend to show a greater 
measure of agreement than the control group results although 
the ’stability1 of items 3, 4 and 5 leave something to be 
desired, each isolating at least one pair of sub tests which 
fail to reach a significant correlation level. The highly 
significant correlations between year scores and total 
impairment scores may be accounted for by the reasons 
outlined above.
In order to investigate the discriminative power of 
each sub test against the total impairment score, biserial 
correlations were computed according to the method described 
by Garrett (i960).
The results of the analysis are given overleaf and, 
although it is recognised that the method depends on the 
validity of the total impairment score as an index of 
imoairrnent, the table would hope to highlight some facets* t
of the internal construction of the test.
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E.S.N. Group Biserial Correlation With TISC
ITEM 1 2 3 4 5
YR.6 .76 .58 .68 .68
YR .7 .83 .68 .83 .83 .74
YR.8 .83 .74 .83 • 66 .41
The E.S.N. analysis represents a pass score as any 
score other than that designated for a failure (1st, 2nd,
3rd time pass V failure) against the total impairment score. 
It is difficult to identify any sub test as the major 
discriminating variable but does show that S65 and S85 
represent the lowest contribution to the impairment score; 
a confirmation of earlier findings indicating that item 
five may be ‘redundant*.
Control Group. Biserial Correlation With TISC
ITEM 1 2 3 4 . 5
YR.6 .48
OCO•
YR.7 .30 .19 .19
YR.8 .19 .19 .56 .40
The control group analysis clearly isolates S83, S63, 
S64 and S74 as the tests with the greatest discrimination 
relative to the total impairment score. The ’redundancy* 
of item five is highlighted and confirmed.
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In comparing the two correlation tables the difference 
in the number and spead of correlations is immediately 
noticeable. The control group matrix tends to present a 
rather specific picture whereas the E.S.N, group indicates 
a diverse pattern which may represent a more general 
impairment structure (Fish 1961, Whiting et al 1968).
T a b l e  28 presented overleaf outlines the differences 
between means of boys and girls for both groups. For the
E.S.N. group, no significant difference between the scores 
of boys and girls was evident; for the control group however 
six sub tests and the total impairment score showed 
significant differences at better than the ,C5 level.
In every case, the significant difference was in 
favour of the girls, a reflection of the fact that nine out 
of the ten Stott failures were boys. The items concerned 
(S61, S73, S75, S81, S83, S84) would seern to cluster around 
measures of balancing and jumping with manual dexterity also 
in evidence. It may be that boys of this age are less precise 
and deft than girls in gross as well as fine body movements. 
The results outlined would call into question the criterion 
tested by Stott (1966) that the test should not discriminate 
between the sexes.
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!t ! TEST BETWEEN STOTT SUB TEST SCORES 
BOYS/GIRLS
Control Group N = 65 E.S.N. Group (N =24)
t Value p
561 4.60 p^.Ol (No significant differences
obtained at better than the
562 - - .06 level)
S63 .72 N.S.
S64 1.55 N.S.
S65 .95 N.S.
S71 ..04 N.S.
S72 .74 N.S.
S73 2.14 p<.C5
S74 1.42 N.S.
S75 2.51 p <.C2
S81 2.22 p<^ .C5
S82 1.28 N.S.
S83 2.72 P<.01
S84 3.91 p<;oi
S86 1.18 N.S.
TISC 4,27 P<.01
TABLE 28
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Screening Effi'ciencv
The table below reports the screening efficiency of the 
Stott test in relation to otheT Variables in the battery:-
Control Group
TEST . MFD BGT MIPS
B C 7+
No. Screened 15 1 3 8
Stott
’Failures’ = 10 2 0 1 6
E.S.N. Grouo
TEST MFD BGT MIPS
No. Screened
B C 
2 19 20 .12
Stott
'Failures’ = 10 0 10 . 10 8
For the control group the amount of ’screening 
agreement’ reported would not seem to be particularly high 
with the exception of M.I.P.S./STOTT failures where a 
screening efficiency of lb% is evident for the Stott test.
The E.S.N. group results again show a larger measure of 
agreement, although the ability to screen 5C£o of the B.G.T. 
’failures* and 41% of the M.F.D. ’failures* would not seem to 
warrant particular enthusiam. A screening efficiency of 66% 
for the motor impersistence failures supports the results for 
the control group and indicates a strong relationship between 
the-Stott and motor impersistence tests.
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Intercorrelations with other variables
The tables below report the intercorrelations - 
extracted from the larger matrix - computed between the total 
impairment score (T.I.S.C.) and other variables#
Control Group
IQ BDES OAS MFD BGT MIPS FTPQ
STOTT
TEST
(TISC)
-.21 .07 .12 -.01 .17
++
.51
+
CM•1
E.S.N. Group
IQ BDES OAS MFD BGT MIPS FTPQ
STOTT
TEST
(TISC)
-.25
-H*
-.49
-H-
-.60
++
-55 .59
+
.39 -.67
++= p <^.01
+= p < #C5 *
In general the intercorrelations reported support the 
screening efficiency outlined previously# The apparent lack 
of agreement between the Stott test and the M..F.D ./B.G.T. 
tests for the control group would seem to indicate that 
impairment (as measured by the Stott test) is not necessarily 
associated with brain damage, although the low positive 
correlations may support the contention that brain damage is 
one of several contributing factors. The E.S.N. results would
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seem to support the thesis that the Stott test shows a strong 
association with brain damage in relatively severe cases*
The classification of E.S.N. subjects on the M.F.D. test must 
however be interpreted with caution due to the possibility 
that subjects of this type may not be sufficiently mature to 
cope with a test whose lower limit is 8*5 years*
In both sets of results the significant correlations 
with the Frostig perceptual quotient are worthy of note, the 
Stott test clearly showing strong associations with measures 
of visual perception* The control group correlation matrix 
(table 28 ) reveals a significant correlation of -*41 (p<*OOl) 
with FT 2 (Figure ground ), and the E.S.N. matrix (table 29 ) 
shows significant correlations between the total impairment 
score and FT 1, 2, 3 and 5; supporting the general impairment 
theory.
In summary, the Stott test results suggest the following 
points: -
1* Sub test two age six requires careful consideration 
regarding the ’failure* score.
2. The difficulty of items through the three age levels 
requires close investigation and possible . 
restructuring.
3. Item three (Upper limb co-ordination) accounts for 
the greatest percentage of failures in each group.
4. Item five (Simultaneous movement) may be ’redundant* 
if a failure at age six (two years below C.A) is 
regarded as critical in..terms of ’failure*.
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5. No single sub test for the E.S.N. group may be 
regarded as the major index of discrimination 
relative to the total impairment score.
6. Sub tests S83 and S63 (Upper limb co-ordination) 
are clearly isolated as the major indices of 
discrimination relative to the total impairment 
score for the control group.
7. A general factor of impairment may be postulated 
for the E.S.N. group against a more specific 
structure within the control group.
8. The Stott test would seem to be most effective (in 
terms of screening and general relationships ) with 
more severe cases of brain damage.
9. Significant differences between the mean scores of 
boys and girls were computed for the control group 
only.
The full correlation matrices (tables 28 and 29) 
for each group are presented overleaf.
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CHAPTER 9'
Factor Analyses
In order to investigate the relationships and 
components within the test battery, sixteen factor analyses 
were performed, eight for each group, in the following stages 
The analyses are reported in the order outlined below: - 
1* Principal Components and Varimax rotations for 
each group involving all variables in the battery, 
designated 'Full Programme1, This analysis reports 
general relationships between the Stott test and 
other variables,
2, Principal Components and Varimax rotations for each 
group including all neurological, intellectual and . 
perceptual tests with the Stott test year and 
total impairment scores only. These analyses
were performed in order to indicate the possible 
value of year and total impairment scores. The 
analyses are designated 'Main Variables1,
3, Principal Components and Varimax analyses for both 
groups involving all variables except the Stott 
test year and total impairment scores, performed 
in order that the relationships between the Stott
401
sub tests and other variables may be examined 
without the effect of composite scores. The 
analyses are designated "Main and Stott variables1.
4. Principal Components and Varimax analyses for both 
groups involving only the Stott sub tests, 
performed in order to examine the internal 
structure of the Stott test with particular 
reference to the divisions designated by Stott 
(1966 b ). The analyses are headed 1 Stott Sub 
Tests Only*.
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Principal Components Solution - Full Programme.
Control Group
The principal components analysis for the control 
group (table 30 ) reveals a ten factor structure accounting 
for 74.2?o of the total variance. Four major areas are in 
evidence; factor one isolating the Stott test with 
associations with other variables; factor two showing a 
Reversal* of factor one; factor three isolating various 
Stott sub tests with the Frostig tests; factor four being 
predominantly a Stott test factor with low relationships 
on other neurological variables. . The remaining factors 
present a diverse picture of many low loadings across 
many combinations of variables.
Factor one clearly isolates Stott test items and year 
scores, and reveals reasonably strong associations between 
the Stott test and - I.Q., B.G.T., M.I.P.S., F.T.2 and
F.T.P.Q. The relationship between intellectual and motor 
abilities as reported by Ismail & Gruber(1967)could be 
supported in this case.
Examining the factor loadings on factor two, the 
specialised function of neurological and perceptual tests 
is evident.
. The negative loadings on M.F.D., B.G.T. and D.A.M. 
reflect the direction of scores in relation to !inferior’ 
performance. This factor may be related with some 
confidence to 1 intellectual/neurological functioning’.
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PRINCIPAL COMPONENTS SOLUTION - FULL PROGRAMME. 
CONTROL GROUP.
VARIABLE FI F2 F3 F4 F5 F6 F7 F8 F10
XQ -35 57 -10 -13 -10 -23
BDES 68 11 14 19 -11 32
OAS 51 15 -30 -25 -17 31
MFD -59 16 25 -17
BGT 30 -42 -11 27 20 12
MIPS 46 26 39 16 15 16
DAM -65 12 -12 16 24 11
FT1 -11 36 20 -20 16 20 16 -21 -15
FT2 -54 35 47 -13
FT3 -15 53 -24 13 25
FT4 -27 49 -16 -28 37 35 14
FT5 -31 35 -15 -13 -22
FTPQ -48 70 -15 31
S6l 32 30 -64 18
S63 27 16 -33 -62 15 15 -20
S64 49 17 17 40 22 -21 16
S6yS 63 18 -60 28 26
S71 37 19 35 30 51
S72 39 12 —62 -11 -11 -21
S73 62 -23 -18 -15 26 -19
S74 40 -14 22 46 10 -23
S75 21 17 -25 20 -23 -39 -11 14
S7YS 78 15 -38 41 -14 11 -10
S81 50 19 -30 -47 28
S82 -17 -11 22 14 34 50 -15 -18 17
S83 57 22 36 -39 -23 13 -15
S84 56 21 44 13 12 -19 -19 -11
S85 27 10 19 25 -16 ‘ 29 -18
S8YS 76 21 33 16 -32 34 -15 -12
c
TISC 96 24 12
SPT 14 -17 35 -45 37 21
SPE -35 27 -14 28 -36 -42 -13
AGE 10 25 -15 35
$ Variance
= 19.0 13.6 7.0 6.7 6.1 5.4 4.6 4.3 4.0 3.5
Total fo Variance = 74.2f&
LOADINGS BETWEEN + / - .1 OMITTED 
DECIMAL POINTS OMITTED.
TABLE 30
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The only Stott' sub tests showing even a tenuous 
relationship are S83 and S84, whilst the loading of -35 
on S.P<E. (Spiral Maze Error) would support the findings 
reported earlier regarding the use of this test as a 
possible initial screening device for impairment.
Factor three indicates loadings that cluster on Stott 
sub tests (S72, S63, S83, S84), with a loading of .47 on
F.T.2 (figure ground) which would seem to be a significant 
variable on factors 1-3, and may point to avenues of 
further work with this sub test.
Factor four shows again a cluster of Stott sub tests, 
although the negative loadings on S61, S63 and S81 are 
difficult to explain.
Factor five would seem to indicate a component of 
steadiness when the loadings on M.I.P.S., S64, S74 and S81 
are considered, whereas factor six may isolate components
9 '
of spatial ability as measured by O.A.S., F.T.4 (position 
in space) S75, and S82.
Examining the loadings on the remaining factors a 
rather diverse picture is presented,' but relationships 
between the M.F.D. and B.G.T. tests with F.T.4, F.T.5, S73, 
S85, S.P.E. (factor 8) and F.T.3, S71, S81 (factor 9) are 
evident. Factor ten would seem to show associations between 
I.Q. measures and S74 and age. Progress to the rotated 
solution may clarify the situation.
4C5
Varimax Solution - Full Programme.
Control Group
The rotated principal components solution is given in 
table 31 , overleaf. Ten factors were extracted accounting 
for 28.2 to 3.2 of the total variance.
In general terms, the first three factors (56.5# ■ 
variance ) show a pronounced division between the Stott and 
neurological variables. The remaining factors indicate 
areas of association between individual Stott variables 
and neurological tests.
Examining the loadings on factor one, a perceptual 
component would seem to be evident, with the expected 
negative loadings on M.F.D. and B.G.T. The loadings on 
S74, S84 and S.P.E., although low, do indicate that these 
variables may have a useful part to play in screening for 
impairment.
Factor two clearly isolates the Stott sub tests 
S83, S84, S8Y.S and T.I.S.C. (total impairment score), and 
indicates a negative relationship (-.14) with the M.F.D. 
test, confirming the previously reported observations 
(factor two principal components solution). The factor 
may be classified as a *Stott factor* but the low 
associations reported with M.F.D., M.I.P.S. and the Frostig 
tests lend some support to the contention that impairment 
as measured by the Stott test is associated with neural 
dysfunction.
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VARIMAX SOLUTION - FULL PROGRAMME.
CONTROL GROUP.
VARIABLE FI F2 F3 F4 F5 F6 F7 F8 F9 n o
IQ 43 -10 29 -16 38 -42
BDES 34 -10 15 16 69
OAS 75 11
MFD -31 -14 -18 35 -47
BGT -43 25 17 16 -26 18
MIPS 20 53 20 14 26 16
DAM -55 -23 -20 23 -32
FTi 53 24 -12
FT2 44 -65 -17 14 -16
FT3 45 -14 17 -31 20 26
FT4 72 -23 -16 22 17
FT5 29 -19 -13 -18 37
FTPQ 85 -15 -13 -12 -15 11 22
S6l 19 -13 75
S63 47 57 -32 -14
S64 68 16 28
S6YS 23 40 85
S71 17 25 13 77
S72 79 12
S73 22 49 19 21 33 -11 30
S74 -11 17 69
S75 17 25 -13 11 21 58
S7YS 22 57 60 32 36
S81 35 41 -15 33 42 12
S82 12 -17 -11 -21 -16
S83 82 14 26
S84 -15 65 37 13 26
S85 25 57 12
S8YS 91 23 13 11 13 22
TISC 51 45 52 42 22 12
SPT -13 73
SPE -23 -75
AGE
$ VARIANCE
? . ss 28.2 19.1 9.2 9.0 7.8 6.6 5.1 4.8 4.3 3.2
LOADINGS BETWEEN + / - .1 OMITTED. 
DECIMAL POINTS OMITTED.
TABLE 31
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Examining the loadings on factor three, the 
relationship between F.T.2 (figure ground - ” involving ' 
shifts in perception” ) and S72 (bounce and catch a tennis 
ball, single handed) is evident. The loadings on S81, S63 
and S73 may add to the identification of this factor as 
one of spatial ability/adjustment; although the possibility 
of an associated body image component cannot be ruled out.
Factor four reports relationships between the motor 
impersistence test (M.I.P.S.), S64, S74, S84. The year 
scores for ages six and seven indicate, as expected, 
similar relationships, but it is evident that these 
composite scores are not as predictive as the individual 
sub test loadings, casting some doubt on the value of a 
year score as a screening device. It would.seem that this 
factor is similar to factor five on the principal 
components analysis, and may identify a componentxof 
steadiness *.
The loadings on factor five indicate associations 
between B.G.T., M.I.P.S., D.A.M. and S61, S63, S81. In 
considering the possible relationships between the Stott 
variables tested and the draw a man test one is tempted 
to identify a body image component, but the possibility 
that a neurological factor underlies measures of balance 
and gross body co-ordination cannot be ruled out. The 
view that balance (S61, S81) and gross body co-ordination 
(S63) are likely to be amongst the primary areas affected 
by neural dysfunction may receive sympathetic consideration.
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Factor six clearly isolates a speed/accuracy 
component (S.P.T,/H}, and the low but positive loading of 
S75 (counters into a box in 10 seconds) would confirm this 
view. The loadings on F.T.3 (Constancy of shape) and 
M.F.D., may reflect certain aspects of understanding and 
recognition of the problems inherent in performance on the 
Spiral Maze. Alternatively, the loadings may lend support 
to the findings of Ismail Kane and Kirkendale (1969) who 
describe a “common neurophysiological process'* in the 
performance of intellectual as well as motor co-ordination 
items. The loading of .29 on I.Q. would add support to the 
theory outlined.
Examining the loadings on factor seven it is evident 
that a positive relationship is present between the M.F.D,-. 
test and F.T.3, S63, S73, and S85. The common element of 
drawing skill/steadiness between S64, F.T.3 and the M.F.D. 
is perhaps expected, but that between measures involving 
the whole body (S73, S85) is less obvious. The problem is 
compIicotec/ somewhat when the original correlations are 
inspected, none of which were significant. One is tempted 
to accept the proposals put forward by Ismail et al» given 
above, and extend them to cases of inferior performance.
The neurological explanation of such a “common neurophysio­
logical process** may lie in the function of the cerebellum 
and brain stem as *clearing houses* or integration centres 
for much of our motor activity.
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Factor eight would seem to isolate measures of 
’balance1 (S71, S81) with low.loadings on M.I.P.S. and
D.A.M., indicating perhaps a steadiness component linked 
with a body image factor.
Examining the loadings on factor nine a perceptual/ 
intellectual component is evident, with close associations 
with measures of brain damage (M.F.D., B.G.T.). The 
negative loading on the M.F.D. may be accounted for by 
a component of intelligence as outlined by Graham & Kendall 
(1960) who reported a correlation of - .39 between the M.F.D. 
and intelligence (Stanford-Binet or WechsLer-Bellevue : o
scales). With this in mind, the factor may be classified 
as intelligence or intellectual ability. The loadings ‘of 
$84, S82, S75 would again add to the view that associations 
exist between measures of /notor skills., and intelligence.
The loadings on factor ten would support the findings for 
factor nine, showing relationships between I.Q., S73, S75 
and S83.
In summary, various Stott sub tests show relationships 
with perceptual, intellectual and neurological measures, 
supporting much of the previous research relating 
intellectual and motor aptitudes. (Ismail et al 1969;
Ismail & Gruber 1967). With the exception of factors^jfive 
and two, no Stott year score showed greater loadings than 
individual test items, thus casting some doubt on the real 
value of year and total impairment scores.
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In considering only the first two factors, S83, S84 
and S81 would seem to show the greatest degree of 
relationship with the M.F.D. test, whilst S74 and S84 
would seem to account for the most agreement with the 
B.G.T. test. If one considers factors seven and nine, 
then S85, S73 and S63 would seem to be the best measures 
of the M.F.D. test on factor seven, whilst S75, S82 and 
S84 indicate most agreement with the B.G.T. and M.F.D. 
on factor nine.
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Principal Components Solution - Full Programme.
E.S.N. Group
>7<? ,
Table reports the findings of the initial analysis 
of all variables in the E.S.N. battery. Eight factors were 
extracted, accounting for 86.8% of the variance.
In general terms factor one shows high loadings on 
the majority of variables with an apparent measure of 
agreement between the Stott year scores, sub tests and total 
impairment scores, the perceptual, neurological and 
intellectual variables. The total impairment score with all 
three year scores show considerable association with the 
Frostig perceptual quotient, the D.A.M., B.G.T., M.F.D., 
and O.A.S. tests.
Factor two would seem to isolate intellectual tests 
(I.Q., B.D.E.S.) and various Stott sub tests (S65, S71, S81, 
S85). The loading of .42 on age may indicate a developmental 
or maturity component, although the relationship between 
measures of balance*, 1co-ordination1 and I.Q. support the 
general relationships reported by Ismail & Gruber (1967) 
and Sloan (1951) •
Inspecting the loadings on factor 3 it is evident that 
Stott sub tests purporting to measure balance are isolated 
with, the addition S64 (trace a circular track).
Factors four to eight show loadings on a variety of 
tests, presenting a diverse picture; progress to the 
terminal solution may clarify the situation.
PRINCIPAL COMPONENTS SOLUTION. FULL PROGRAMME
E.S.N. GROUP
VARIABLE FI F2 F3 F4 F5 F6 F7 F8
IQ. -46 60 -26 11 10 -27
BDES -68 35 19 30
OAS -73 17 -19 *27 24 18 15
MFD 75 -41 -18 17
BGT 74 -30 35 ' -18
MIPS 53 -28 16 12 18 -18 17 25
DAM 73 -19 -12 -11 -13
FT1 -71 12 22 18 -21 19
FT2 -82 19 10 -27 21 18
FT3 -74 17 36 19 22
FT4 -31 56 38 28 -22
FT5 -72 48 -20 12 -18
FTPQ -86 31 11 22
S6l 57 31 -40 -16 -12 -23 23
S62 60 26 40 -43 13 12
S63 56 28 19 54
S64 55 -19 -32 -15 22 51
S65 46 67 24 -13 -32 14 -17
S6YS 87 14 -18 24 11 20
S71 44 55 -56 11 13
S72 59 45 48 -17 -16
S73 79 19 30 23
S74 79 16 23 -33
S75 53 29 27 -37 27 -23
S7YS 85 40 14 -17
S81 59 50 -45 -14
S82 67 11 16 -50 17 -19 -14
S83 60 32 -31 27 34
S84 75 -12 11 34 -24 11 -19
S85 54 60 19 -33 19
S8YS 86 28 25 -25 -11
TISC 93 30 13
SPT 50 -i2 46 -15 19 13 -29 23
SPE 58 -22 -35 20 -22 16 21
AGE -36 42 39 48 r
% VARIANCE = 45.9 12.7 6.9 5*9 4.8 4.4 3.3 2.9
TOTAL fo VARIANCE =: 86.8
LOADINGS BETWEEN +/- .1 OMITTED.
DECIMAL POINTS OMITTED.
TABLE 32
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Varimax Solution - Full Programme.
E.S.N. Group
Eight factors were extracted in this analysis 
accounting for 55.8 to 2.7^ of the variance (86.8?o).
Factor one, accounting for 55.8°o of the variance would 
seem to isolate two distinct groups; the I.Q., perceptual 
and neurological variables on the one hand and three Stott 
sub tests on the other (S63, S74, S84). The relationship 
reported between the three Stott tests mentioned may be an 
indication of their ability to discriminate impairment in 
relation to performance on the M.F.D., B.G.T., M.I.P.S., 
and F.T.P.Q. tests. The negative loadings on I.Q.,
B.D.E.S., O.A.S. relates to the direction of scores to 
’inferior performance*. A later analysis (Stott sub tests 
only) will attempt to establish the place of these tests 
within the Stott test as a whole, although the content of 
these items - touch^the tips of fingers, jump over a cord, 
trace a maze - is reminiscent of neurological examinations 
and again supports the findings of Ismail & Gruber (1967) 
and Ismail & Kayne (1969) in showing relationships between 
intellectual and motor performance.
Factor two clearly isolates Stott tests from other 
variables in the battery, but noticeably ’absent* are 
variables S63, S74, S84, each showing low loadings, and 
perhaps confirming their function in relation to the 
neurological tests. This factor may be regarded as
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VARIMAX SOLUTION FULL PROGRAMME
E.S.N GROUP.
VARIABLE FI F2 F3 F4 F5 F6 F7 F8
IQ -43 -15 37 57 -16 -11 -16
BDES —65 -11 34 -19 30 12
OAS -84 -18 -18
MFD 67 19 14 15
BGT 70 -17 45 14 24
MIPS 57 12 -19 12 41
DAM 49 20 24 -42 19 23
FT1 -50 -13 -46 38 16 -18
FT2 -72 -33 20 -42 14
FT3 -34 -36 -20 57 -23 28 -11 21
FT4 -15 13 82
FT5 -70 42 -35 -17
FTPQ -63 -20 -25 52 -33 11
S6l 20 75 -22 23 -13 -.
S62 81 12 -27 -19 16
S63 64 24 15 -11 40 29
S64 21 21 -30 23 72
S65 14 77 37 18 20 -23
S6YS 40 44 44 -19 20 -20 44 21
S71 19 82 29 22
S72 13 85 12 24 -16
S73 27 43 28 -11 48 43 18
S74 69 29 21 20 36
S75 68 -10 42 -22
S7YS 34 65 43 26 40
S81 15 22 85 17 16 .
S82 20 45 -18 65 -32
S83 16 16 18 78 13 22
S84 55 19 66 -12 -13
S85 30 56 51 25 15 23 -15 13
S8YS 38 39 43 68
TISC 40 55 47 37 37
SPT 38 36 -13 -57 23
SPE 30 21 -35 54 25 21
AGE —12 12 -23 73 11 -22
$ VARIANCE = 55.8 14.9 7.6 6.3 5.1 4.6 3.1
LOADINGS BETWEEN +/- .1 OMITTED
DECIMAL POINTS OMITTED.
TABLE 33 
FIG.
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something of a reflection of factor one since the pattern 
involving the neurological and motor tests is reversed.
Factor three presents confirmation of factor three on 
the principal components analysis and clearly isolates 
measures of ’balance’ with low associations reported with 
perceptual tests, notably F.T.l (Eye Motor Co-ordination), 
supporting the ’steadiness factor” in balancing and eye 
manual co-ordination skills reported by Travis (1945).
Inspecting the loadings on factor 4; the Frostig 
sub test four (position in space) shows relationships with 
I.Q., B.D.E.S., and lower associations with S64 (-.30) 
and S85 (.25). In considering the requirements of F.T.4 
the similarity with I.Q.* tests is remarkable, this, 
combined with co-ordination requirements for S64 and S85 
would tempt one to identify this factor as one of body 
awareness or body image related to I.Q.
Factor five isolates various Stott sub tests, namely
S73, S82, S83, S84, with low association shown on B.G.T. 
and S.P.E. The Stott variables cluster around measures of 
manual dexterity and gross body co-ordination. The highest 
loading of .78 on S83 (Jump three bean bags) and the
relationships reported with B.G.T. (.45) and S.P.E. (.54)
woul.d tempt one to identify a component of perceptual 
ability related to the orientation of the body.
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The loadings on factor six would seem to indicate a 
speed/accuracy component similar to that reported for the 
control group (factor 6 varimax solution).
Factor seven, isolates various Stott sub tests 
(S64, S73, S75, S63) with again, low association reported 
with the B.G.T. test and D.A.M. test.
The loadings on factor eight isolate the motor 
impersistence test (M.I.P.S.) with S82 and S63. It would 
appear that a visual component is evident in the tests 
mentioned, relating perhaps to the ability to ’acquire* an 
object visually and react accordingly.
In summary, Stott tests S63, S74 and S84 show promising 
relationships with the neurological tests in the battery, 
the other sub tests showing many low relationships with 
neurological perceptual and intellectual variables.
The associations between intellectual perceptual and 
motor abilities are somewhat stronger than those reported 
for the control group and support the findings of 
Thurstone (1959), Malpass (i960) and Francis & Rarick: (1959) 
amongst others, who suggest that the motor proficiency of 
retarded children is more highly related to intelligence 
than that of normal children.
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' The following analyses - (Main variables only, and, 
Main and Stott variables ) are reported consecutively for 
each group in order that the value of a year and total 
impairment score may be assessed against the value of an 
individual sub test score. Comment is in the main confined 
to the Varimax solutions.
Main Variables Only - Control Group
The principal components solution - Main variables 
only - is given in table 34 , showing a reasonably clear 
division between the Stott and !neurological * variables.
Factor one reveals low associations between I.Q., 
B.G.T., F.T.P.Q., and M.I.P.S. with the Stott year scores 
and total impairment score; whilst factor two shows a 
’reversal1 of factor one with a predominant cluster of 
perceptual and neurological tests and very low loadings on 
S6YS, S8Y5 and T.I.S.C. Factor three would seem to present 
a speed/accuracy component, whilst factor four again 
isolates the Stott year scores.
The varimax solution - Main variables only - is 
reported in table 35 , and confirms the general findings 
reported above.
Factor one may again be identified with the Stott 
variables, showing low associations with F.T.P.Q., M.I.P.S., 
and I.Q. Based on the findings reported for this, factor,
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PRINCIPAL COMPONENTS SOLUTION - MAIN VARIABLES ONLY
CONTROL GROUP.
VARIABLE FI F2 F3 F4
IQ -36 60
BDES 69
OAS 53 -11 11
MFD -58
BGT 29 -43 27 -10
MIPS 50 28
DAM -63 16 14
FTPQ -39 54 -17
S6YS 70 19 —65
S7YS 71 33
S8YS 67 11 -15 29
TISC 98 20
SPT 28 68
SPE -43 -64
AGE • 11
$ VARIANCE = 22.8 22.0 10.4 7.6
TOTAL $ VARIANCE = 62.8$
LOADINGS BETWEEN + / - .1 OMITTED 
DECIMAL POINTS OMITTED.
S'
TABLE 34
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VARIMAX SOLUTION - MAIN VARIABLES ONLY.
CONTROL GROUP.
VARIABLE FI F2 F3 F4
IQ -23 63 22
BDES 13 68 14 •
OAS 19 52
MFD -57 -14
BGT 12 -55 12 15
MIPS 51 12 14 19
DAM -63 -19
FTPQ -23 ’ 65
S6YS 43 88
S7YS 78
S8YS 75 -11
TISC 94 34
SPT 74
SPE -21 -74
AGE
*
>11
$ VARIANCE = 40.0 36.7 14.1 9.1
LOADINGS BETWEEN + /-.I OMITTED. 
DECIMAL POINTS OMITTED.
TABLE 35
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the use of year scores and total impairment scores may 
be justified as predictors of performance on the motor 
impersistence test, but not in conjunction with the 
B.G.T. or M.F.D. tests.
Factor two would seem to be associated with I.Q., 
and other neurological tests, and supports the use of the 
Spiral Maze error score (S.P.E.) as a variable with 
promising relationships with the M.F.D., and B.G.T. tests.
The loadings on factor three indicate quite clearly 
a speed/accuracy component in this factor, whilst factor 
four clearly isolates the year six impairment score.
The use of year scores in order to identify 
relationships with neurological tests would seem to be a 
questionable exercise, clearly^the information contained in 
a set of sub tests is diagnostically more useful than that 
contained in a composite score. The reduction in the total 
per cent variance compared with the full programme analysis 
would seem to indicate that individual sub tests have their 
specific part to play in isolating relationships.
Principal Components & Varimax Solutions - Main and,
Stott Variables - Control Group
Tables 36 and 37 report the principal components and 
varimax solutions for the control group omitting the year 
and total impairment scores. Nine factors were extracted 
on each analysis, the principal components solution 
accounting for 12.2% of the total variance, only 2% less 
than the full programme.
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PRINCIPAL COMPONENTS SOLUTION - MIN AND STOTT VARIABLES.
CONTROL GROUP
VARIABLE FI F2 F3 F4 F5 F6 F7 F8 F9
IQ 71 -15 -3° -19
BDES 69 17 27 26
OAS 52 26 12 -14 22
MFD -61 -27 16
BGT -50 20 14 -32 11 16
MIPS 54 32 24 19 32
DAM -59 -22 - ■ • 23 17
FTPQ 64 -24 -17 21 17 -15 12
S6l 39 -28 -15 -35 48 -16 15
S63 19 -51 12 26 32
S64 -14 44 44 -17 -12
S71 -14 39 36 -17 16 13 60 -12
S72 29 -39 32 48 -23
S73 -17 61 -27 12 -27 -12 -24 19
S74 31 28 28 18 -22
S75 12 23 -20 -51 29
S81 52 -47 -24 17 12 32
S82 -18 -17 23 33 35 16 15
S83 58 -20 -11 -13
S84 63 26 -15 12 -17
S85 31 17 -26 -27
SPT 26 12 64 -37 -16
SPE -44 11 -54 25 -36 17
% VARIANCE = 14.6 14.0 8.7 y*.6 6.4 6.1 5.3 4.9 4.6
TOTAL $ VARIANCE = 72.2 %
LOADINGS Bmmrn + / - .1 OMITTED. 
DECIMAL POINTS OMITTED.
TABLE. 36
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The principal components analysis (table 36 ) shows 
clearly the greater amount o£ information regarding 
relationships between the Stott and neurological variables.
Factor one shows five Stott sub tests with low 
loadings on a predominantly neurological factor (S64, S71, 
S73, S75 and S82). Factor two would seem to be something 
of a reversal of factor one, revealing some strong 
associations between the motor impersistence test and S73,
•S81, S83 and S84.
The remaining factors present a diverse picture with 
many low relationships and loadings reported. Progress to 
the varimax solution would seem to be expedient.
Table 37 reports the results of the varimax terminal 
solution.
Factor one isolates only two Stott sub tests as 
having some association with the neurological and 
perceptual tests (S73, S82); this factor seeming to 
represent an I.Q. dimension within the battery.
Examining the loadings on factor two, fairly strong 
associations between the motor impersistence test and \ 
S64, S74, S84 are evident; confirmation of the ’steadiness* 
element identified in factor four Varimax Solution, Full 
Programme.
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VARIMAX SOLUTION - 'MAIN AND STOTT VARIABLES.
CONTROL GROUP
VARIABLE • FI F2 F3 F4 F5 F6 F7 F8 F9
IQ 70 23 -20 -12 -24
BDES 68 12 -17 11 19 16 27QAS 50 15 -12 15 35
MFD -56 -13 -25 31
BGT -55 11 30 17
MIPS 11 66 12 13 12 29 16
DAM -63 -16 -ii -16 11 -15
FTPQ 68 -29 -11 -17 12
S6l 81
S63 58 32 -25
S64 62 28
S71 24 81 16
S72 11 75 -19 12
S73 -15 20 49 20 24 51
S74 58 12
S75 13 11 -11 64
S81 47 36 27 49-
S82 -18 15 -34 -18 -17 40
S83 17 11 27 46 23 19 -14
S84 58 19 35 11 -14
S85 13 12 14 50
SPT 14 78 12 -12 -12
SPE -22 11 -80
io VARIANCE = 23.1 21.8 12*4 10.5 8.2 7.6 6.8 5.2 4.3
LOADINGS BETWEEN + / - .1 OMITTED
DECIMAL POINTS OMITTED.
TABLE 37
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Factor three isolates S72, S63 and S81, revealing 
some relationship with B.D.E.S., and 0,A.S,, whilst factor 
four again isolates a speed/accuracy component. The 
remaining factors establish relationships already covered 
in the ’full programme1 analysis, and progress to the 
final analysis of the Stott sub tests only would be 
expedient.
In summary, a comparison of the two sets of analyses. 
(Main Variables; Main and Stott Variables •) would suggest 
that the use of a composite year score or total impairment 
score may be of dubious value. It is clear that many Stott 
sub tests carry relationships with other neurological 
variables that may not be evident in a year score, and, if 
diagnosis of impairment is to be meaningful then these 
relationships need to be accounted for. A composite score 
clearly may not be diagnostically useful except in cases 
of general impairment.
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Main Variables: Main and Stott Variables 
E.S.N* Group
Tables 38 to 41 report the principal components and 
varimax solutions for the E.S.N. group. (Main variables, 
and, Main and Stott variables). '
In order to avoid tedious repetition a comparison with 
the control group major findings (tables 34 to 37 ) will be 
made •
Table 39 (Varimax Solution, Main variables) clearly 
shows a greater degree of association between motor and 
neurological/perceptual tests on factors one and two with a 
speed/accuracy component on factor three. The greater 
measure of association reported confirms the findings of 
Sloan (1951), Malpass (i960), Doll (1946) and Francis and 
Rarick (1959) who suggest that intelligence is related to 
motor proficiency to a greater extent in retarded than in 
normal children.
Table 41 (Main and Stott Variables) confirms the 
relationships reported above and pinpoints to a certain 
extent the Stott sub tests responsible for the associations. 
It is clear that on factor one S63, S74 and S84 account for 
the major proportion of relationships with other 
neurological tests. Factor two would seem to isolate the 
Stott sub tests and could be regarded as a !Stott factor1, 
although the very low loadings on S63, S74 and S84 supports 
the findings reported for table 3$ (E.S.N. full programme).
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PRINCIPAL COMPONENTS SOLUTION .MIN VARIABLES ONLY 
E.S.N, GROUP
.
VARIABLE FI F2 F3
IQ -54 49
BDES -71 25 17
OAS -77 13
MFD 81 -37
BGT 80 -17 25
MIPS 57 -23
DAM 73
FTPQ -87 20
S6YS 82 31 -15
S7YS ♦ 78 50
S8YS 79 38 11
TISC 88 48
SPT 52 -51
SPE 59 60
^VARIANCE as. 56.8 11.3 8.3
TOTAL % VARIANCE = 76.4
LOADINGS BETWEEN +/- .1 OMITTED. 
DECIMAL POINTS OMITTED.
TABLE 38
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VARIMAX SOLUTION. MAIN VARIABLES ONLY
E.S.N. GROUP
VARIABLE Fi F2 E3
IQ -71 -15
BDES -71 -32
OAS -64 -44
MED 83 28 19
BGT 63 37 44
MIPS 57 23
DAM 52 46 26
FTPQ -75 -44 -20
S6YS 39 80
S7YS 20 90 12
S8YS 26 79 28
TISC 29 95 13
SPT 51 36 -37
SPE 29 31 72
% VARIANCE s= 78.2 13.7 8.1
LOADINGS BETWEEN +/- .1 OMITTED.
DECIMAL POINTS OMITTED.
TABLE 39
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PRINCIPAL COMPONENTS SOLUTION - MAIN AND STOTT VARIABLES*
E.S.N* GROUP
VARIABLE FI F2 F3 F4 F5 F6 F?
IQ -51 58 -31 -18
BDES -71 26 - 12 23
OAS -76 11 -33 21 28
MFD 80 -34 -20 13 15
BGT 77 -27 27 17
MIPS 56 -24 19 -21 20
DAM 74 -11 -14
FT1 -72 28 19 21 -14
FT2 -84 12 21 -11 14 25
FT3 -74 -16 36 27
FT4 -39 53 -18 52 15
FT5 -77 43 -1?
FTPQ -90 22 18 18 14
S6l 54 41 -28 -36 -18 -18
S62 57 33 54 -15 20
S63 56 46 38
S64 52 -15 -33 -18 47 35
S63 44 70 32 13 -21
S71 38 59 -45 -17 11
S72 56 48 52
S73 75 ‘ 23 31 12 28
S74 79 -12 23 11 18 -20
S75 49 31 30 -14 25 35 -19
S81 54 58 -44 -16 * i
S82 66 15 27 -11 35 -38 -14
S83 57 11 36 -34 38
S84 76 19 24 -34 -17
S85 51 64 29 -23 13
% VARIANCE = 44.0 13.6 7.1 6.0 5.0 4.7 3.6
TOTAL fo VARIANCE
©•-s<00u %
LOADINGS BETWEEN '+/- *1 OMITTED. 
DECIMAL POINTS OMITTED.
TABLE 40
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VARIMAX SOLUTION - MAIN AND STOTT VARIABLES
E.S.N. GROUPS
VARIABLE FI F2 F3 F4 F5 F6 F7
IQ -44 30 64 -14 -18
BDES -64 -11 32 -33
OAS -85 -18 -18 11 -19
MFD 71 16 11 -52 12
BGT 75 -11 21 33 21
MIPS 61 14 -26 15 -14
DAM 50 14 29 -34 25 23
FT1 -50 -52 37 -17
FT2 -74 -36 20 -19 -31
FT3 -34 -31 -23 50 -24 -46
FT4 -15 84
FT5 -74 42 -32
FTPQ -63 -15 -33 56 -19 -24
S6l 20 76 -18 12 18
S62 14 82 -29 12
S63 69 23 - 31 -20
S64 28 -12 23 -18 75 18
S65 12 81 34 17 -17
S71 18 81 13 19
S72 14 85 12 18 14
S73 33 39 33 -12 42 49
S74 70 24 23 37 20
S75 59 11 51 19
S81 16 22 86 17 11
S82 20 39 11 -15 13 41 65
S83 24 15 22 75 17
S84 59 18 37 53
S85 31 62 46 26 -17 17
% VARIANCE = 55.0 16.4 8.1 6.6 5.4 5.0 3.5 ;
LOADINGS BETWEEN +/- -1 OMITTED. 
DECIMAL POINTS OMITTED.
TABLE 41
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In every case the loadings of the three Stott tests 
mentioned is increased, supporting the omission of year 
scores etc,, as ’contaminating* variables. The remaining 
factors show a similar structure to those already reported 
on the full programme analysis; factor four seeming to be 
an I.Q./perceptual ability factor; factor five isolating 
Stott sub tests; factor six reporting low associations 
between Stott variables and the B.G.T. test whilst factor 
seven presents associations between perceptual and manual 
dexterity measures.
In summary, the Stott test shows a greater degree of 
relationship with other tests in the battery for the E.S.N. 
group than for the control group, supporting the findings 
of many authors. The Stott.sub tests which show the 
greatest association with the B.G.T. and M.F.D. tests are 
S63, S74, S84, these relationships accounting for the low 
loadings of year scores etc., on factor one (Main 
Variables, Varimax solution).
The usefulness of a total or year ’impairment* score 
has already been discussed, but the problem bears repeating; 
it would seem that a total score cannot be regarded as an 
’ability quotient* for research evidence suggests that 
motor skills tend to be specific in nature; a ’total 
quotient* may not highlight a specific impairment area.
It is clear that individual item scores must be taken into 
account in any assessment/diagnosis of a child’s difficulties 
if the diagnosis is to be meaningful in terms of re-education
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or compensatory education. A total impairment score 
may indicate a general weakness but must be assessed 
in relation to individual/specific area failures.
There is ample research evidence in support of the 
above argument, a brief review of which would be pertinent 
at this time.
Henry (1956) reported: -
f,On the evidence of controlled research there 
is no indication of a general factor of 
co-ordination in skill1*.
He claims.that, on the contrary, co-ordinations are 
highly specific i -
11 it is largely a matter of chance whether an 
individual who is highly co-ordinated in one 
type of performance will be well or poorly 
co-ordinated in another” .
Henry qualifies his point of view somewhat in realising 
the need to account for performers with a high ’generalr 
level of co-ordination when he goes on to state: -
’’This does not of course exclude the possibility 
of a few ’natural athletes’ who are so fortunate 
as to be gifted with a .large number of specifics, 
or the ’motor moron’, that unfortunate 
individual who has few or none**.
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One may take issue with Henry regarding his use of 
the phrase 1 matter of chance11 in relation to the ability of 
an individual who is highly co'-ordinated in one activity 
and may be well or poorly co-ordinated in another. It is 
surely.a function of the integrity or otherwise of the 
central nervous system. In other words, successful 
performance in the first half of a series of ten tasks is 
a better predictor of success in the remainder than would 
be failure in the first five. This, however, implies a 
general factor in motor skill (and impairment) and without 
evidence of a neurological factor in motor dysfunction one 
can do little to support the theory behind the implication. 
The analyses reported to date would not support the theory 
of a *generalV factor of impairment for, as seen, specific 
test items may account for year and total impairment score 
loadings, implying that specific neurological functions are 
present.
• Sloan (1955 ) subscribed to the commonly held belief, 
based on previous American studies, that motor skills are 
relatively specific and show low intercorrelations, 
especially when different parts of the body are involved. 
Perrin (1921) and Seashore (1928) supported these 
conclusions.
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Morris and Whiting (1971) summarise the argument in 
favour of the specific structure of motor skills when they 
state:-
"Children who may be unable to perform a particular 
skill are not automatically incapable of acquiring 
other skills where different factors are involved". 
They go on to state: -
"The hand/eye co-ordination of movements required 
to catch a ball may present difficulties to a 
child who, because of a visual defect, is unable 
to monitor the flight of the ball. On the other 
hand, the same child may be extremely proficient 
in throwing a ball to hit a stationary target".
This does not deny the possibility that a child 
suffering from motor impairment may exhibit a wider range 
of disability than the normal child.
The value of a composite impairment score, which may 
not highlight specific difficulties, would be valueless in 
the light of the above arguments; equally the establishment 
of a ’cut off* point would be a dubious exercise.
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In summary, various Stott tests show relationships 
with perceptual intellectual and brain damage variables 
supporting much of the previous research relating to 
intellectual and non intellectual variables.
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In order’to examine the internal structure of the 
Stott test and the postulated independence of the test 
divisions the Stott sub tests 'alone were subjected to a 
factor analysis.
Tables 42 and 43 report the findings for the control
group, and tables 44 and 45 present the H.S.N. group results
Principal Components Solution >  (Stott sub tests only) 
Control Group
The principal components solution is reported in 
table 42 overleaf. Five factors were extracted, accounting 
for 67.1% of the total variance.
Factor one shows loading of greater than .3 on the .
following tests: -
S81 (.67) Balance on one leg, free foot, placed 
against knee.
583 (.66 
S73 (.63
584 (.52 
S72 (.40 
S61 (.39 
S64 (.33 
S71 (.33
Jump sideways’over three bean bags .
Walk 10 ft. line, heel to toe.
Touch tips of fingers with the thumb.
Bounce and catch tennis ball single handed. 
Balance on one leg.
Trace a circular track.
Crouch on toes, holding rod over head.
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PRINCIPAL COMPONENTS SOLUTION - STOTT SUB TESTS ONLY.
CONTROL GROUP.
VARIABLE PI F2 F3 F4 F5
S6l 39 -24 -50 37 -29
S63 23 -54 23
S64 33 56 . 20 24 -16
S71 33 41 -1* 56
S72 40 -36 67
S73 63 22 -19
S74 20 27 32 30
S75 24 -11 11 -46
S81 67 -36 -16 39
S82 -18 29 15
S83 66 -23 -26
S84 52 34 -14
S85 30 27 -21
$ VARIANCE = 22.0 14.7 11.9 10.1 8.4
TOTAL $ VARIANCE = 67.1$
LOADINGS 'BETWEEN + / - ,1 OMITTED. 
DECIMAL POINTS OMITTED.
TABLE 42
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The factor would seem to be concerned with a variety 
of skills covering four of the Stott divisions and even 
tentative identification would be difficult, but some 
relationship with "Control Precision" (Fleishman 1965 ) may 
be evident.
Inspecting the loadings on factor two, the following 
tests are isolated:-
S64 (,56) Trace a circular track.
S63 (-.54) Jump a cord, knee height.
571 (.41) Balance, crouched on toes, rod held over
head.
572 (-.36) Bounce and catch tennis ball single handed
S81 (-.36) Balance on one leg, free foot placed 
against knee.
S84 (.34) Touch tips of fingers with thumb.
The content- of this factor would seem to cover a diversity 
of measures, including balance, whole body co-ordination, 
manual dexterity and rhythm. One common element may be the 
ability to make rapid fine adjustments to performance, 
similar, to the steadiness factor reported by Travis (1945).
Factor three shows a measure of agreement between 
variables purporting to measure balance; upper limb 
co-ordination and manual dexterity. The following sub 
tests may be isolated: -
S72 (.67) Bounce and catch tennis ball single handed
S61 (-.50) Balance on one leg.
S74 (.32) Trace a maze.
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It would seem that an element of spatial orientation 
may be present in the factor with more than a suggestion of 
manual dexterity, and is something of a mixture of factors 
one and two.
The loadings on factor four isolate three tests loading 
.3 or greater as follows:-
S75 (-,46) Place counters simultaneously in a box,
S6l (.37) Balance on one leg,
S74 (.30) Trace a maze..
It would seem that an element of fine control is implicit in 
the tests listed, similar perhaps to the finger dexterity 
factor isolated by Fleishman (1965).
Factor five clearly isolates sub tests S61, S71 and 
S81, all purporting to measure balance, and'an inspection of 
the test requirements would add support to the identification 
of this factor as balance; although the negative loading on 
S61 is difficult to explain. The only observable difference 
in the performance of children on the three tests mentioned 
is that S61 tends to be rather static and natural, whereas 
S71 and S81 tend to involve elements of dynamic balance and 
many rapid readjustments. The apparent divergence of 
balance measures is by no means a new concept as Bass (1939) 
and later Fleishman (1965) reported various sub divisions of 
’general balance1.
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Varimax Solution - Stott sub tests only 
Control Group
The terminal rotation re.suited in five factors being 
produced with variance ranging from 37.8% to 10.8%, given 
in table 43 overleaf.
Factor one isolates four sub tests as follows:-.
572 (.79) Bounce and catch a tennis ball single
handed.
563 (.57) Jump a cord, knee height.
S81 (.54) Balance on one leg, free foot placed 
against knee•
573 (.40) Walk a 10ft. line, heel to toe.
All items involve the management of the whole body with a 
pronounced steadiness clement in all tests listed. An 
identification of this factor as gross body co-ordination, 
may be made., similar to those produced by Cumbee (1957), 
Cureton (1947) and Fleishman (1955), and strongly related
o
to the factor of "dynamic co-ordination of the whole body" 
outlined by Thams (1955) and Vandenburg (1964).
Factor two clearly isolates three main items:-
564 (.72) Trace a circular track.
574 (.55) Trace a maze.
S84 (.42) Touch tips of fingers with thumb.
The relationship of the items listed would seem to 
fall within the broad category of manual dexterity, and
support for the Stott classification may be forwarded.
The agreement with the factor of "finger dexterity" reported 
by Fleishman & Hempel (1954) and Fleishman & Ellison (1961)
■ ■ ■ i
woyld perhaps offer a more apt identification of this factor.
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VARIMAX SOLUTION - STOTT STB TESTS ONLY.
CONTROL GROUP.
VARIABLE FI F2 F3 F4 F 5
S6l 12 82
S63 57 -11 - 25
S64 72 11 13
S71 20 76
S72 79 17 17 -24
S73 40 28 49 14
S74 12 55
S75 13 -12 50
S81 54 -12 22 35 53
S82 14 -23 -29
S83 62 34 21
S84 42 38 22 18
S85 16 38 17
$ VARIANCE = 37.8 22.4 17.4 11.5 10.8
LOADINGS BETWEEN + / - .1 OMITTED 
DECIMAL POINTS OMITTED.
TABLE 43
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Examining the loadings on factor three, five tests 
predominate:-
583 (.62) Jump sideways over three bean bags.
S75 (.50) Place counters simultaneously in a box.
S73 (.49) Walk heel to toe along a 10ft. line.
584 (.38) Touch tips of fingers with thumb.
585 (.38) Balance bead on block, walk 10ft.
There would seem to be an element of fine control/adjustment 
in all the tests listed, with a speed component implicit in
S75 and S84, and balance in the performance of items S73
and S85• -
It could be argued that the tests involve elements 
of the factors reported by Fleishman (1965), i.e.:- 
11 Multilimb Co-ordination’1 which involves the ability to 
co-ordinate the movements of a number of limbs, two hands, 
two feet and hands and feet (S83, S75); or alternatively 
the factor identified as “Response Orientation” , which has 
been found general to visual discrimination and involving 
rapid directional discrimination and orientation of 
movement patterns. The factor appears to involve the ability 
to make correct movements in relation to the correct 
stimulus, especially under highly speeded conditions,
(S83, S75 ). On balance it would appear that considering the 
speed and control/adjustment requirements of the tests an 
identification of Gross body control precision would be 
justified.
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The loadings on factor four isolate the following 
sub tests: -
• S61 ’(*82) Balance on one leg.
S81 (.35 ) Balance on one leg, free foot placed
against knee
S83 (.34) Jump sideways over three bean bags.
The high loading on S61 tempts one to identify this factor
as balance. The more subtle requirements of S81 and S83 
may indicate an area of dynamic balance but, as the loadings 
are low the factor may be named as balance.
Factor five clearly isolates two variables:-
S71 (.76) Balance, crouched on toes, rod held 
overhead.
S81 (.53) Balance on one leg, free foot placed 
against knee.
Support for the classification of balance would be 
difficult to deny, hov/ever, the absence of any significant 
loading on S61 (-.009) is difficult to explain. It may be 
that factor five isolates a component of dynamic control 
significantly different from that identified on factor four. 
As reported earlier, Bass (1939) and Fleishman (1965) 
arrived at similar conclusions; Hass identifying some five 
factors of balance. The loading of .21 on S83 would add 
support to the classification of this factor as balance 
with implications of fine adjustments made due to unusual 
body positions. -
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In summary, the varimax solution would support the 
classification of the Stott test divisions designated 
balance and manual dexterity . The independence of items 
purporting to measure whole body co-ordination, simultaneous 
movement and upper limb co-ordination is by no means clearly 
established.
The analysis identifies five factors which may be 
tentatively identified as:-
1. Gross body
co-ordination
2. Manual/Finger 
dexterity
Gross body control - 
precision
4. Balance
5. Balance
- involving items not intended 
to measure this component. 
The factor has a pronounced 
steadiness element.
- Showing close agreement with 
the Stott test division four. 
(Manual dexterity).
- involving components of 
speed, rhythm and fine 
control.
- involving two sub tests 
classified as ‘balance’ and 
one designated ’whole body 
co-ordination*.
- involving one test in common 
with factor four and witfy 
components of dynamic control.
The following table reports the number of sub tests from 
each ‘division* of the Stott test that load .3 or more on each 
factor; the maximum possible being three on any one factor:--.’
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Test Division FI F2 F3 F4 F5
Balance ’ 1 0 O 2 2
Upper Limb Co-ordination 1 0 0 0 0
Whole Body Co-ordination 2 0 2 1 0
Manual Dexterity 0 3 1 0 0
Simultaneous Movement 0 0 2 0 0
The table illustrates reasonably clearly the dependence of 
factors one and three or a variety of test measures and the 
relative independence of - factors two, four and five. An 
inspection of the rows (test divisions) indicates the
specificity of upper limb co-ordination on factor one and
/
simultaneous movement on factor three, but, as both these
o
factors involve a diversity of measures, the independence of 
simultaneous movement and upper limb co-ordination must be 
brought into question. Balance and whole body co-ordination 
load across three factors and one may be led to assume the 
general nature of the requirements of these sub tests.
445
Principal Components Solution - (Stott Sub Sections Only) 
E.S.N. Group
Table 44 reports the matrix produced for the E.S.N. 
group. Four factors were extracted, accounting for 77.5?6 
of the total variance.
Factor one, accounting for 45.1/6 of the variance shows 
high loadings on all variables and therefore may be regarded 
as a general factor.
Factor two shows significant loadings on the following 
tests: -
564 (.72) Trace a circular maze.
565 (-.60) Walk 10ft. balancing a table tennis ball
in a spoon.
S85 (-.40) Balance bead^ort a block, walk 5yds.
S63 (.30) Jump cord, knee height.
S74 (.30) Trace a maze.
The predominance of tasks requiring fine control between hand 
and eye tempt one to identify this factor in the area of 
manual dexterity with overtones of gross body co-ordination. 
It is evident that some items (S64, S63) are common with 
factor two for the principal components solution, control 
group.
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PRINCIPAL COMPONENTS SOLUTION. STOTT SUB TESTS ONLY.
E.S.N. GROUP.
VARIABLE. PI F2 F3 F4
S6l 60 -15 34 -22
S62 67 -21 -32 21
S6j 46 30 -11 31
S64 44 72 29 25
S65 71 -60 -17
S71 60 -22 66
S72 76 -27 —42
S73 81 25
S74 68 30 12
S75 60 -18 34
S81 73 -14 58
S82 68 14 -24 -33
S83 59 25 -39
S84 64 39 -25 -31
S85 71 *-40
io VARIANCE = 45el 13.3 11.3 7.8
TOTAL % VARIANCE = 77.5
LOADINGS BETWEEN +/- .1 OMITTED. 
DECIMAL POINTS OMITTED.
TABLE 44
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Factor three clearly isolates the following:-
571 (.66) Balance, crouched on tip toes, rod held
over head.
581 (.58) Balance on one leg, free foot planted
against knee•
572 (-.42) Bounce and catch tennis ball single handed.
562 (-.32) Bounce and catch tennis ball (two handed
catch) •
The high loadings on 1 Balance* items may be slightly
misleading in view of the lower loadings on items S72 and
S62 which involve a more dynamic aspect of body control.
A more apt title for this factor may be dynamic control/
♦
balance.
Factor four shows a spread of low loadings on a variety 
of items:-
563 (.31) Jump cord, knee height.
S75 (.34) Place counters simultaneously in box.
582 (-.33) Catch table tennis ball after bouncing.
583 (-.39) Jump sideways over three bean bags.
584 (-.31) Touch tips of fingers with thumb.
The variables outlined seem to show a variety of
movements clustering around measures of manual dexterity 
(S84, S75 ), and gross body co-ordination involving jumping 
and balancing (S63, S83).
Progress to the Varimax solution may clarify the somewhat 
confusing picture presented by the principal components matrix.
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Varimax Solution (Stott Sub Sections Only)
E.S.N. Group
Four factors were extracted with variance ranging from 
61.7$ to 7.4$, the matrix being reported in table 45 
overleaf.
Factor one is considerably clarified compared to the
principal components solution, high loadings on the following
variables predominate:-
$65 (.85) Balance table tennis ball in spoon, walk 
5 yds.
S72 (.82) Walk heel to toe along a line.
'S62 (.73) Bounce and catch a tennis ball two handed. 
S85 (.61) Balance, bead on a board, walk 5yds.
S75 (.52) Place counters simultaneously in a box.
There would seem to be a strong measure of manual 
dexterity implicit in all variables with the exception of 
S72, and more than a suggestion of gross body co-ordination 
in items S65, S62 and S85. This factor seems to be concerned 
with the ability to control items under dynamic conditions 
and would seem to answer the description of * control 
precision* described by Fleishman (1965) who states:-
.."this factor is common to tasks which require 
fine highly controlled, but not overcontrolled 
muscular adjustments, primarily where larger muscle 
groups are involved. This ability extends to arm- 
hand as well as to leg movements'*.
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VARIMAX SOLUTION. STOTT SUB TESTS ONLY .
E.S.N. GROUP.
VARIABLE. PI F2 F3 F4
S6l 19 64 31
S62 73 18 25
S63 23 14 58
S64 -23 22 23 84
S65 85 38 14
S?1 15 89 19
S72 82 35 14
S73 31 34 49 52
S74 27 20 37 ’ -57/.'
S75 52 47
S81 18 88 18 21
S82 34 13 71 15
S83 23 69 17
S84 18 77 32
S85 61 51 19
$ VARIANCE = 61.7 16.8 14.1 7.4
LOADINGS BETWEEN +/-.1 OMITTED 
DECIMAL POINTS OMITTED.
TABLE 45
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Factor two would seem to isolate very clearly items 
measuring balance:-
S81.(.88) Balance on one leg, free foot planted 
against knee,
S71 (.89) Balance crouched on tip toe, rod held 
above head.
S61 (.64) Balance on one leg. 
in addition, lower loadings on:-
S65 (.38)
S73 (.34)
more dynamic conditions would add to the classification of 
this factor as balance.
Factor three indicates a measure of agreement between 
the following variables;- -
582 (.71) Catch a tennis ball single handed after
bouncing.
S84 (.77) Touch tips of fingers with thumb..
583 (.69) Jump sideways over three bean bags.
S73 (.49) V'/alk heel to toe along a line.
The very strong association with manual dexterity shown 
on the first two items is difficult to reconcile with the 
jumping and balancing movements implicit in S83 and S73. A 
common factor in performance may be the ability to make rapid 
changes/adjustments.
\ both involving the balance of items under
451
Factor four shows high loadingson; -
S64 (.84) Trace a circular track.
S63 (.58) Jump a cord, knee height.
574 (.57) Trace a maze.
S73 (.52) Walk heel to toe along a line.
575 (.47) Place counters simultaneously in a box.
This factor would seem to be very similar to factor
three with some different items involved, but again, measures 
of manual dexterity and gross body co-ordination relate 
together. A perceptual factor may be the underlying trait 
here; i.e. - the ability to fix and readjust visually, 
manifest in a steadiness component similar to that reported 
for the control group, factor two, principal components 
solution.
The following table reports the number of sub tests 
from each of Stott*s divisions loading .3 or more on each 
factor. (Varimax Solution).
Test Division FI F2 F3 F4
Balance 0 3 1 0
Upper limb co-ordination 3 0 2 0
Whole body co-ordination 1 1 2 2
Manual dexterity 0 0 2 3
Simultaneous movement 3 2 0 1
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.The loading of every division on at least two factors 
would raise serious doubts as to the proposed independence 
of each division; the only factor reasonably identified 
being that of balance, (factor two) and in part, manual 
dexterity (factor four). Both factors identified involve 
items not intended to measure the components of balance and 
manual dexterity. Based on the results reported, the 
feasibility of dividing the abilities of ’upper limb 
co-ordination*, 1 simultaneous, movement1 and ’whole body 
co-ordination’ within an E.S.N. population would seem to be 
a questionable exercise; factors one, three and four clearly 
indicating a mixture of items involving ’specific’ and ’gross’ 
body skills. The possibility of a general factor of 
impairment within an E.S.N..population as reported by 
Fish (1961) and Whiting et al. (1968) is upheld by the 
findings reported above.
In summary, the varimax solution for the E.S.N. group 
identifies four factors, tentatively identified as: -
Factor 1 - Dynamic control-precision: involving the 
control of objects and the body under 
dynamic conditions. The best measures of 
this factor can.be seen to be S65, S72,
S62 and S85•
Factor 2 - Dynamic balance, involving all ’balance’ 
items: - S6l, S71 and S81.
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Factor 3.- Manual dexterity, with implications for the
ability to make rapid changes and adjustments 
best measures of which are S84, S82, S83 and 
S73.
Factor 4 - Manual dexterity, similar to factor three 
with different items involved, relating to 
steadiness. The best measures are S64, S63, 
S74 and S73.
Support for the Stott test division of balance may be 
accounted for by factor two, but the independence of the 
remaining divisions is by no means clearly established, with 
the possible exception of ’whole body co-ordination1 which 
may be accounted for by factor one. Manual dexterity may be 
accounted for by factors three and/or four, but in a more 
dynamic sense than represented by the Stott test items 
purporting to measure this item.
With regard to both groups, a more exact naming and 
identification of the dimensions represented by each factor 
may be possible when regression weights (factor score 
coefficients ) are considered in the following chapter which 
attempts to outline a revised form of the Stott test.
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CHAPTER 11
A proposed revision of the 
Stott Test
Factor score coefficients 
Z Score distributions 
Multiple regression solutions
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CHAPTER 11
A PROPOSED REVISION OF THE STOTT TEST
The previous chapter outlined the factors extracted for 
both groups, and indicated in terms of highest loadings the 
best apparent measures of each factor. In order that the 
best estimate of each factor may be predicted with some 
confidence, the regression weights of each variable within 
each factor were computed. Tables 46 and 47 report the factor 
score coefficients (regression weights) for each of the 
terminal solutions reported in tables 43 and 45 (Stott sub 
tests only).
The best estimates of each varimax solution referred to 
above are outlined below for .ease of reference with the factor 
loading in parenthesis.
Control Group -Varimax solution (Stott sub tests only)
Factor 1 Factor 2 Factor ,3 Factor 4 Factor 5
S72 (.88) S64 (.72) S83 (.62) S61 (.82) S71 ( .76)
S63 (.57) S74 (.55) S73 (.49) S81 (.35) S81 (.53)
S81 (.54) S84 (.42) S84 (.38) S83 (.34) S83 (.21)
S85 (.38)
E.S.N. Grouo - Varimax solution (Stott sub tests only)
Factor 1 Factor 2 Factor 3 Factor 4
S65 (.85) S71 (.89) S84 (.77) S64 (.84)
S72 (.82) S81 (.88) S82 (.71) S63 (.58)
S62 (.73) S61 (.64) S83 (.69).. S74 .(.57)
S85 (.61)
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FACTOR SCORE COEFFICIENTS. ( VARIMAX SOLPTION, STOTT SUB TESTS )
CONTROL GROUP.
VARIABLE FI F2 F3 F4 F5
S6l 11 -18 63 -14
S63 19 -13
S64 44
S71 -13 54
S72 57 17 -28 -14
S73 11 26 -10
S74 26 —12
S75 -11 23
S81 32 -26 19 *' 49
S82 -11
S83 40
S84 18 14
S85 12
WEIGHTS BETWEEN + / - .1 OMITTED 
DECIMAL POINTS OMITTED.
TABLE 46
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FACTOIt SCORE COEFFICIENTS ( VARIMAX SOLUTION, STOTT SUB TESTS
E.S.N. GROUP.
VARIABLE FI F2 F3 F4
s6i -.15
S62
S63 .11
S64 .28 -.29 .89
S65 1.09 -.41
S71 .40 -.28
S72 .67 -.25 .22
S73 -.29 .32
S74 .20
S75
S81 -.33 .62 .14 -.20
S82 -.10 .39 -.16
S83 .17
S84 .44
S85 -.33
•
.19
WEIGHTS BETWEEN + / - .1 OMITTED.
TABLE 47
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An inspector of tables 46 and 47 outlining the factor 
score coefficients computed indicates the expected agreement 
with the highest factor loadings, and leads to the proposal
that the following ten item test represents the major
dimensions of each factor for each group. The regression 
weights are given in parenthesis.
Control Group
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
S72 (.29) S64 (.44) S83 (.40) S61 (.63) S71 (.54)
S81 (.32) S74 (.26) S73 (.26) S72 (-.28) S81 (.49)
E.S.N. Group
Factor 1 Factor 2 Factor 3 Factor 4
S65 (1.09) S81 (.62) S84 (.44) S64 (.89) ; •
S72 (.67) S71 (.40) S65 (-.41) S72 (.22)
It could be postulated that the sub tests outlined 
represent a short 10 item form of the Stott test for each 
group based on item and factor analysis.
The problem of establishing a meaningful cut off score 
for failure on each of the factors extracted remains. In order 
that some decision could be reached regarding a cut off score, 
two distributions for each group were structured. The first, 
figures 43 and 45 report the distribution of total scores on 
each factor, accounting only for variables with regression 
weights of .2 or greater. The second distribution, reported 
in figures 44 and 46 outlines the total scores made by each
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L>j.aiHXutjrxuiN ur i'utaij . suukcs UN FACTORS - V VARIMAX SOLUTION, STOTT 
SUB TESTS ONLY - TABLE 43 )
Z SCORES x FACTOR SCORE COEFFICIENTS,
CONTROL GROUP
20
20hO‘25 *75*25
Z SCORES Z SCORES
FACTOR ONE ( S63, S72, S81 ) FACTOR WO ( S64, S74, S81 ) .
40
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40.
30*
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FACTOR THREE (S83,S73,S75) FACTOR FOUR ( S6l, S72 )
* DISTRIBUTION BASED ON VARIABLE REGRESSION WEIGHTS OF .2 OR MORE. 
FACTOR 5 PRESENTED IN FIG. 44. ( W O  VARIABLES ONLY - WEIGHTING > .2
FIG. 43
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DISTRIBUTION OF TOTAL SCORES ON THE BEST TWO VARIABLES AS ESTIMATES 
OF FACTORS EXTRACTED -(tABLE 43 
CONTROL GROUP
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I -'75 *5 I'25 2‘0 2*75 3*5 4*25
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*75 -25 -25 *75 1*25 1*75 2*25
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*5 *25 1*0 1*75 2*5 3*25 A*i
Z SCORES Z SCORES
FACTOR THREE - S85, S73 FACTOR FIVE - S71, S81.
FACTOR FOUR PRESENTED IN FIG. 43 .
FIG. 44
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group on the two variables with the highest factor score 
coefficient in each factor. In all cases, individual 
scores were converted to Z scores and multiplied by the 
factor score coefficient.
An inspection of the distributions presented in 
figure 43 (control group) suggests that "cut off*scores in 
terms of Z scores may be tentatively established as follows:
Factor Cut Off (Z Score)
1 > .5
2 . > 1.0
3 >1.0
4 >  .5
5 >2.5 '
The failure or cut off scores listed are based on the 
observed isolation of sub groups in the distributions. The 
establishment of impairment/cut off scores for the shortened 
10 item test is clarrified somewhat when the distributions 
in figure 44 are considered.
An inspection of the distributions presented in figure 
44 indicates that "cut off" scores may be set as follows
Factor Cut Off .(Z Score )
1 ^ > 2.0
2 >1.25
3 >1.0
4 > .5
5 >2.5 -
462
DISTRIBUTION OF TOTAL SCORES ON FACTORS - VARIMAX SOLUTION, STOTT 
SUB TESTS ( TABLE 45-) - Z SCORES X FACTOR SCORE COEFFICIENTS.
E.S.N. GROUP
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DISTRIBUTION OF TOTAL SCORES ON THE BEST WO VARIABLES AS ESTIMATES
OF FACTORS EXTRACTED - TABLE 45 .
E«S.N« GROUP
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Z SCORES Z SCORES
FACTOR THREE ( S84, S65 ) FACTOR FOUR ( S64, S72 )
FIG* 46
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As reported in figures 43 and 44, factors four and five were 
based on two Stott sub tests only.
Observing the distributions for the E.S.N. group, 
figures 45 and 46 the isolation of sub groups representing an 
impaired population is not quite as clear as for the control 
group. Figure 45 shows a reasonably clear sub group on factors 
one and four, but not on factors two and three, however, with 
this in mind, ’cut off’ scores for the distributions presented 
in .figure 45 may be tentatively set as follows;-
Factor Cut Off (Z Score )
1 1.0
2 1.0
3 * .5
4 .5 
The distributions presented in figure 46 indicate the
total scores on the best two variables within each factor and 
represent the short 10 item form of the Stott Test for the 
E.S.N. group. ’Cut off’ scores may be tentatively set as 
follows;-
The need for further research in establishing a 
failure rate for each of the factors outlined must be 
obvious, however, the impairment scores outlined, however 
tentative, do provide a starting point for further work, 
and are based on statistical results and not merely empirical 
evidence•
The relationships between the Stott sub tests and the 
three major Neurological* variables was investigated using 
stepwise multiple regression. The results of the analysis 
are presented in tables 47 to 49 for the control group, and 
tables 50 to 52 for the E.S.N. group.
An inspection of tables 47 to 49 (control group) and a 
comparison with the variables presented in the shortened form of 
the Stott Test indicates that the variables proposed for the 
control group are among the best predictors in the equations, 
especially when the Beta weights are considered. Particular 
attention is drawn to S61 - factor four -• with the highest 
Beta weight in table 49 (M.F.D. ); S73 - factor three - with the*
highest inclusion level and Beta weight in table 48 (B.G.T.),
and S71 - factor five - with the highest Beta weight in 
table 47 (M.I.P.S.).
Inspecting tables 50 to 5 2 , and comparing the results 
with the 8 item short form for the E.S.N. group, the 
indications are that the items selected for the shortened 
form do not figure prominently in the solutions. Two 
items, S84 and S72 show high inclusion level or Beta weight on
the B.G.T. and M.I.P.S. solutions.
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MULTIPLE REGRESSION SOLUTION ( STEPWISE INCLUSION )
STOTT SUB TESTS AGAINST MOTOR IMPERSISTENCE TEST. 
CONTROL GROUP.
VARIABLE MULTIPLE R R SQUARE BETA
S84 .41 .16 .33
S71 .51 .26 .46
S74 .58 .34 .22
S63 .64 .41 .34
S81 .67 .45 -.28
S6l .68 .47 *12
S82 .69 .47 .10
S73 •69 .48 .15
S85 .70 . .49 -.06
S83 .70 .49 -.08
S?2 .70 .49 -.04
S75 .70 .49 .02
S64 .70 .49 .01
CONSTANT -.102
ANALYSIS OF VARIANCE
a.f. SUM OF SQUARES ■MEAN SQUARE F
REGRESSION 13 24.84 1.91
■*
3.88
RESIDUAL 51 25.09 .49
* Significant at the .01 level
STANDARD DEVIATION OF RESIDUALS .70
TABLE 47
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MULTIPLE REGRESSION SOLUTION ( STEPWISE INCLUSION )
STOTT SUB TESTS AGAINST BENDER GESTALT TEST. 
CONTROL GROUP.
VARIABLE MULTIPLE R R S QUARE BETA
S73 .25 .06 .37
S72 .31 .09 -.17
S6l .34 .12 .16
S83 .37 .14 -.22
S71 .40 .16 .14
S84 .40 .16 .07
S63 .40 .16 .08
S81 .41 .17 -.05
S82 .41 .17 -.05
S74 .41 .17 .02
S64 .41 . .17 .03
S85 .41 .17 -.02
CONSTANT 2.55
S75 not in the equation.
ANALYSIS OF VARIANCE
d.f. SUM OF SQUARES MEAN SQUARE F
REGRESSION 13 41.39 3.18
00•
RESIDUAL 51 ' 195.62 3.83
STANDARD DEVIATION OF RESIDUALS 1.95
TABUE 48
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MULTIPLE REGRESSION SOLUTION ( STEPWISE INCLUSION )
STOTT SUB TESTS AGAINST MEMORY FOR DESIGNS TEST.
CONTROL GROUP • .
VARIABLE MULTIPLE R R SQUARE BETA
S85 .15 .02 .20
S83 .25 .06 -.19
S82 .28 .08 .17
S74 .31 .09 .14
S6l .33 .10 .20
S63 .35 .12 -.15
S84 .38 .14 -.12
S73 .39 .15 .14
S71 .39 .15 .11
S81 .40 .16 -.11
S64 .40 .16 -.08
S75 .40 .16 .01
CONSTANT 2.69
S72 not in the equation
ANALYSIS OF VARIANCE
d.f. SUM OF SQUARES MEAN SQUARE F
REGRESSION 12 67.76 5.64
in00
RESIDUAL 52 344.02 6.61
STANDARD DEVIATION OF RESIDUALS 2.57
TABLE 49
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MULTIPLE REGRESSION SOLUTION ( STEPWISE INCLUSION ) 
STOTT SUB TESTS AGAINST MOTOR IMPERSISTENCE TEST 
E.S.N, GROUP
VARIABLE MULTIPLE R R SQUARE BETA
S84 •48 .23 .89
S63 .57 .32 1.28
S82 .62 .39 .22
S62 .66 .44 1.25
S73 .67 .45 1.59
S65 .68 .46 -.90
S64 .71 .51 .08
S85 .74 .55 .89
S72 .75 • ;56 .20
S74 .76 .58 1.02
S75 .77 .59 .88
S6l .77 .60 1.18
S83 .78 .62 .24
S81 .78 .62 .51
S71 .79 .62 .69
CONSTANT .46
ANALYSIS OF VARIANCE
d.f. SUM OF SQUARES MEAN SQUARE F
REGRESSION 16 24.88 1.55 .73
RESIDUAL 7 14.73 2.10
STANDARD DEVIATION OF RESIDUALS 1.45
TABLE 50
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MULTIPLE REGRESSION SOLUTION ( STEPWISE INCLUSION )
STOTT SUB TESTS AGAINST BENDER GESTALT TEST. 
E.S.N. GROUP.
VARIABLE MULTIPLE R R SQUARE BETA
S74 .73 .54 -.46
S84 .79 .62 -.32
S65 .81 .65 -1.14
S83 .83 .69 -.38
S72 .83 .70 -1.83
S73 .85 .72 -.47
S64 .87 .76 -2.08
S62 .89 .80 -.34
S75 .90* ;82 -.76
S81 .91 .83 -.58
S85 .91 .84 -.14
S6l .92 .84 -1.56
S63 .92 .85 -1.61
S82 .92 .85 -.67
S71 .93 .86 -1.15
CONSTANT 3.04
ANALYSIS OF VARIANCE
d.f . SUM OF SQUARES MEAN SQUARE F
REGRESSION 16 331.01 20.68 2.84
RESIDUAL 7 50.81 7.25
STANDARD DEVIATION OF RESIDUALS 2.69
TABLE 51
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MULTIPLE REGRESSION SOLUTION ( STEPWISE INCLUSION )
STOTT SUB TESTS AGAINST MEMORY FOR DESIGNS TEST, 
E.S.N. GROUP.
VARIABLE MULTIPLE R R SQUARE BETA
S63 .48 .23 -.05
S82 .58 .34 .39
S71 .60 .36 .-.51
S85 .63 .39 .81
S64 .68 .46 -.26
S75 .70 .49 -.17
S62 .72 .52 .89
S74 .75 .57 .66
S72 .80 • ••64 -.84
S63 .81 .66 -.81
S84 .82 .68 -.27
S73 .84 .71 .52
S83 .85 .72 -.14
S81 .85 .72 .18
S6i .85 .73 -.08 v
CONSTANT 8.60
ANALYSIS OF VARIANCE
d.f. SUM OF SQUARES MEAN SQUARE F
REGRESSION 15 1486.42 99.09 1.44
RESIDUAL 8 546.90 68.36
STANDARD DEVIATION OF RESIDUALS 8.26
TABLE 52
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.In summary, the proposal for a ten item, five factor 
test for the Control group may be forwarded with reasonable 
confidence as follows:—
Factor Items Regression Wt. Cut Off Score (z)
1 S72 .29
>.5 '
S81 .32
2 S64 
' S74
.44
.26
3 S83 .40
S73 .26
4 S61 .63
S72
COCM•1
5 S71 .54
S81 .49
.>1.25
>1.5
>.5
> 1.0
It must again be emphasised that the cut off point for 
failure is established only tentatively on the basis of sub 
groups isolated in distributions, and considerably more 
research is needed before they may be set with confidence* 
The short form of the Stott test for the E.S.N. group 
presented below. The failure of the items to ’hold up1 in 
multiple regression equations with ’neurological1 variables 
may indicate an area of serious doubt regarding the validity 
of the E.S.N. proposals. It must be mentioned that the
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neurological tests may not have been suitable for an E.S.N. 
population which may account for the criticisms outlined 
above. The' possibility of a sampling error is also evident, 
however, the findings of the study are presented below;-
Factor Items Regression Wt. Cut Off (z)
1 S65 
S72
2 S81
571
3 S84 
S65
4 S64
572
In comparing the items proposed for each group, it is 
evident that only one factor in each case contains common items, 
namely factor 2 (E.S.N. group) and factor 5 (Control group).
The reason for the differing factor structure may lie in the 
fact two items were rejected from the control group analysis 
(S62, S65), and, that one may propose that the structure of 
motor abilities ’within an E.S.N. population differs from that 
of normal populations, at least in terms of the importance 
of gross and fine manipulative skills. There is general 
agreement that the motor ability of retarded children is below 
that of normal children, and, in the presence of a presumed 
factor of general impairment, the different structure of 
abilities is perhaps to be expected.
1.09
.67
.62 > 
.40
.44
-.41
.89 • 
.22
> 1.5
> .5
> 1.0
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.In summary, the shortened forms produced, obviate 
the necessity to test a child over three age levels to 
determine any degree of impairment. As reported in chapter 8 
(pages 369/370) the feasibility of designing test items that 
progress uniformly in difficulty through various age levels 
is a hazardous procedure, and one which does not seem to have 
been particularly successful in.the original version of the 
Stott Test.
Many test items originally designed to sample clearly 
defined areas were found to load on factors containing items 
from other divisions; clearly, the independence of the 
postulated Stott Test divisions is open to some question. 
Consequently, any diagnosis based on failure within these 
divisions would be suspect to say the least.
The short forms of the Stott Test produced, represent 
a re-structuring of the test in terms of items, divisions and • 
^impairment scores1, however, as with all analyses of this 
type; the end result only represents a revision of the 
original material, and, as reported in chapter eight, the 
agreement in terms of Screened failures1 with other 
neurological tests ranged from moderate to tenuous. The 
obvious conclusion to be drawn from the test results and. 
factor analyses is that the Stott test items although 
reasonably measuring general motor ability, cannot be said to 
screen impairment exclusively due to neural dysfunction. A 
review of the literature presented in chapter two indicates
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the diversity of causative factors in any condition o± motor 
impairment, neural dysfunction being only one. It would seem 
that a study of clearly impaired children, reasonably 
identified in terms of the aetiology of their impairment is 
required before the validity of the shortened forms produced 
may be established.
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CONCLUSIONS
The acceptance of certain common ground in the aetiology 
of cerebral palsy and motor impairment seems reasonable on the 
basis of such evidence, both objective and subjective that is 
available at the present time. No assumption must be made 
however that all damage to the central nervous system is 
homogeneous, nor that it is the only possible explanation for 
minor motor dysfunction: Morris & Whiting (1971) summarise
the child’s situation when they state: -
“ ....subnormal psycho-motor functioning must be viewed 
not as an isolated phenomenon, but as part of his 
total situation - his condition is the result of a 
mutually inclusive amalgam of physiological, 
environmental and -interpersonal factors” .
Since no test of Motor Impairment (other than that which 
is the main subject of this study) exists, the literature 
regarding the validation of such tests is virtually non­
existent. The Golnitz revision of the Oseretzky test of
\
Motor Ability, from which the Stott Test is derived, was 
never apparently validated and consequently aroused littLe 
interest. The Stott Test on the other hand has received 
considerable publicity in professional journals and the 
National Press and it would appear that it has been used in 
research and clinical studies without adequate validation.
The statistical analysis outlined in the present study casts 
some serious doubt on the validity of the Stott Test in its 
present form.
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.Certain criticisms regarding the experimental work as 
a whole are apparent, the major one being that the Stott Test 
as a criterion in need of validation is at times used a 
criterion for assessing the effectiveness of other measures; 
in particular the usefulness of the B.D.E.S. and O.A.S. tests 
and the teacher assessment questionnaire. A case of the 
criterion itself being in need of validation, however, the 
test as presented did propose a ffailuret level, and although 
not validated did provide a starting point for research..
The changes made in the scoring system (weighting and 
number of trials)for the Stott Test may be. viewed as a 
contentious point, and indeed the problem of ’weighting* 
failures through the appropriate 'age levels presents almost 
insuperable difficulties. The argument that a failure two 
years below a subjects C.A. is of greater concern than a 
failure at a subjects C.A. must hold good, this assuming, 
that the placing of items according to difficulty is accurate.
Accepting the criticisms outlined, it is apparent that 
the Stott Test in its present form is in need of considerable 
revision regarding the following points
1. The placement of items within the postulated 
divisions.
2. The grading of item difficulty (8 to 6 years).
3. The scoring of failures in relation to age levels.
4. The ’redundancy1 of certain items as discriminating 
variables in terms of scores and failures.
5. The.diagnostic significance of the test divisions.
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The base rate of impairment within the terms of this 
study would appear to be: -
fNormalT children, 8 years 15%
E.S.N. children, 8 years 41%
these figures supporting the findings of Clarke et al (1968) 
who reported 18% normal 10-11 years; 36% E.S.N. 10-11 years.
The high percentage of Subjects deemed impaired (Stott Test) 
is accompanied by a similarly high number of Neurological1 
test failures. It may be argued that the 'M.F.D. and B.G.T. 
tests are unsuitable for E.S.N. children, indeed, the 
difficulties experienced in testing would support this 
criticism; however, the argument is confused by the problem 
of differentiating between genuin'e brain damage or impairment 
and a developmental lag. Bearing the above points in mind, . 
criticism regarding the use of the M.F.D. test with the E.S.N. 
group in particular, would with hindsight be accepted.
The interpretation of the E.S.N. results in general 
must be viewed with caution, for as mentioned previously, the 
number of subjects was small (24). The evidence.of a general 
factor of impairment is however clearly evident in the E.S.N. 
results, bearing the above criticism in mind.
In assessing the screening efficiency of those tests 
without clearly established criteria for failure or 
classification, the use of a Nut off score1 of^I.S.D. below 
the group mean is entirely arbitrary and is open to 
considerable discussion as the implication is that approximately 
15% of the population will be classified as failures1. It is 
interesting to note that for the control group the Stott Test 
produced the same percentage failure rate.
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The test battery results indicate that certain tests
show interesting inter-relationships, namely:-
The Gibson Spiral Maze (Q.C.) with the Stott and other 
’neurological1 tests
 ^ • The Frostig D.T.V.P. sub tests with the M.F.D., B.G.T. 
and Stott Tests
The Motor Irnpersistence Test with the Stott Test for 
both groups.
The remarkable agreement between the Motor Irnpersistence and 
Stptt Tests in screening common failures in both groups would 
seem to point to the value of this measure as an intial 
screening device for impairment (as measured by the present 
Stott Test) •
Highly significant correlations are reported for both
groups between the Block Designs Test and the M.F.D. and
B.G.T. tests (tables 28 and 29). The correlations reported
indicate a very strong relationship which may have its roots
in brain damage, but the failure of the present study to
isolate a meaningful ’failure* score for the B.D.E.S. test
must cast some doubt on the usefulness Of this measure as a
*
screening device for brain damage.
The Object Assembly Test would seem to present a more 
promising picture in terms of identifying ’common failures’, 
but as for the B.D.E.S. test, further work is obviously 
needed before any diagnostically significant data may be 
reported.
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The teacher questionnaire proved to be something of a 
disappointment, the following being a resume of the results
Control Group 4 screened from 16 MFD ’failures1 (25%)
 ^  ^ 3 ” • 11 - 8 MIPS « t35&)
3 11 ” 10 STOTT 11 (33%)
3 “ '• 3 BGT " (10CP%)
E.S.N; Group. 9 screened from 21 MFD ’failures’ (43%)
10 1 . 11 20 BGT 11 ; . (5CP%)
7 ” ” 12 MIPS » (57^)
5 " ” 9. STOTT » (55^)
The criticism relating to two untested criteria (Stott, 
Teacher Questionnaire) as pertinent to these results, however, 
it would seem that the B.G.T. results are worthy of special 
note for the control group. The screening ef f icienctj f or the . 
E.S.N. group is considerably higher than that of the control 
group. Clearly, the informed opinion of the E.S.N. class 
teachers’ is somewhat more effective in.isolating cases of 
motor impairment; this may be accounted for by a number of 
reasons as follows. The smaller classes and relatively common 
occurence of maladjustment etc. in E.S.N. schools may make the 
staff more aware of the children’s problems. The attention 
given'to remedial work (and its aetiology) helps to present a - 
more informed and sympathetic attitude to impairment amongst 
staff in E.S.N. schools. The recommendations made previously 
regarding the inclusion of motor impairment as an integral 
aspect of study in Colleges of Education bears repeating.
481
Although there was no complaint or adverse comment from 
the staff concerned regarding the questionnaire1, certain 
weaknesses-are'^apparent • The first relates to the classification 
of opinion into 4 categories. Attempts were made to make the 
response heading relevant to the proposed condition, but one 
is still in essence asking for a judgment of above average, 
average, below average etc., a somewhat crude assessment. The 
second weakness concerns the assessment of categories 1 and 2 
where the teacher is asked to make value judgments in 
relatively complex skill areas, and, as staff differ in their 
abilities, inter class and school errors in nominations must 
be an ever present risk.
A development that would perhaps have provided a more 
fruitful result would have been to ask the class teachers* to- 
complete a form for every subject and then apply a simple 
scoring system to each category.
Statistical Analysis
Criticism may be proposed regarding the use of Varimax 
analysis in favour of an Oblique solution ih the terminal 
rotations reported. It was felt that an orthogonal 
relationship between factors was to be preferred to the 
correlated factors produced by Oblique solutions; even 
though an Oblique solution may have represented the major 
dimensions of the analysis equally well.
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The full programme analysis shows, for both groups, a 
pronounced division between the Stott and other variables in 
the battery with the exception of S74 and S84 for both groups 
and S63 for the E.S.N. group, which show promising relationships 
with the M.F.D. and B.G.T. tests. The full programme solutions 
support the findings of Ismail & Gruber (1967) who report 
relationships between measures of balance, co-ordination and
I.Q. . .
The associations between intellectual, perceptual and 
motor abilities are somewhat stronger for the E.S.N. group 
than for the control group, and support the findings of 
Thurstone (1959), Malpass (i960) and Francis & Rarrick (1959) 
who suggest that the motor ability of*E.S.N. children is more 
highly related to intelligence than that of normal children. .
The findings of the study indicate fairly clearly the 
doubtful value of a year or total impairment score as an aid 
in any diagnosis of impairment, except perhaps in the case of 
general impairment. Research evidence points to the 
specificity of motor skills, and clearly the value of any 
impairment score lies in the item score itself, not a 
composite measure.
The internal structure of the Stott Test is dealt with 
fairly extensively in the study text (page 436-454). In 
summary, the control group analysis supports the test 
divisions designated balance and manual dexterity, but the 
independence of the test divisions purporting to measure
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whole body co-ordination, simultaneous movement and upper 
limb co-ordination is by no means clearly established. Five 
factors were extracted, and tentatively identified as:-
Gross Body Co-ordination - involving measures from
.. . divisions not originally 
intended to measure this 
component.
Manual Dexterity (finger 
dexterity)
Gross Body Control - 
Precision - involving components of speed,
rhythm and fine control.
Balance A# - involving one test originally
designated whole body 
co-ordination.
Balance B. - involving one common item with
balance A and containing
•components of dynamic control.
The E.S.N. analysis supports the Stott division of . 
balance (factor 2) and in part5whole body co-ordination- 
(factor 1). A total of four factors were extracted and were . 
tentatively identified as follows: -
Dynamic control-precision - Involving a diversity of items
from two of the Stott divisions.
Dynamic balance -supporting the Stott divisions.
Manual dexterity A. -with implications for the
ability to make rapid changes 
and adjustments.
Manual dexterity B 
(Steadiness) -Similar to factor three but
relating to a steadiness 
ability.
It is apparent from an inspection of the Stott Sub Test 
analyses that the E.S.N. group presents a more diverse picture 
with less clearly defined factors than the control group, thus 
supporting the concept of a general factor of impairment as 
reported by Fish (1961) and Whiting et al (1969).
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The short form of the Stott Test (Chapter 10) is 
presented as an experimental measure with a view to future 
research. .It rejects the concept of testing below a subjects 
chronological age in order to assess failure* and presents a 
10 item test with regression weights that may be applied to 
Z scores in order to establish a cut off point for impairment.
A criticism of the method of establishing the cut off scores 
reported is obvious, as an inspection of the distributions 
cannot be regarded as a satisfactory method, even though 
various sub groups are identified. Clearly, the proposals 
made are in need of adequate validation, perhaps against clearly 
established cases of brain damage or impairment, but, to turn - 
the argument full circle,* an adequate test of impairment is 
needed as a criterion in the first instance. It would seem . 
that impairment, however tested, should not be made on the 
results of one test only. The present work shows that the 
Stott Test may have some real value in testing for impairment, 
and that the Motor Irnpersistence Test, The Gibson Spiral Maze, 
The Frostig D ,T.V.P. sub tests .in addition to the M.F.D. and 
B.G.T. tests may contribute in any assessment programme.
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